THE PEDAGOGICAL SEMINARY AND 


Journal of 
Genetic Psychology 

Child Behavior, Animal Behavior, 
and Comparative Psychology 

EDITED BY 

CARL MURCHISON 


John E. Andetison 

University of Minnesotn 

Charlotte Buhlor 
U niveraitat, Wien 

William H. Burnham 

Clark Univergity 

Cyril Burt 

Univergity of London 

Leonard Carmichael 

Urown Univergity 

Eu Claearedb 

Unlvcrgit6 de Genive 

Edmund S. Conklin 
Indiana Univergity 

Sante De Sanctis 

R Un!vergll& dl Roma 

Arnold Gesell 

Yale Univeraity 

William Hbaly 

Judge Baker Foundation, 
Boston 

Leta S. Hollingworth 

Teachers College, 

Columbia University 

Buford Johnson 

The Johns Hopkins University 

Harold E Jones 

University of California 

Truman L. Kelley 

Harvard University 


YosHiiiiDB Kudo 

Hiroshima Normal College 

K. S Lashley 

Harvard University 

A. R Luria 

Mcdico-biological Institute, Moscow 

Tosiiio Nogami 
K yoto Imperial University 

Henri Pi6ron 

Universitj de Pans 

William Stern 

Hamburglsche UniversitHc 

Calvin P. Stone 

Stanford University 

Lewis M. Terman 

Stanford University 

Godfrey Thomson 

University of Edinburgh 

E. L Thorndike 

Teachers College, 

Columbia University 

C. J Warden 
C olumbia University 

John B. Watson 
N ew York City 

Helen Thompson Woolley 

Teachers College, 

Columbia University 


Volume XLVIII 

19 3 6 


Published quarterly by the 
CLARK UNIVERSITY PRESS 
Worcester, Massachusetts 
U. S. A. 


Copyright, 1936 

hy 

Clark University 



INDEX 


Age, 20 
Analysis, 441 
AmUs cfirohueusis, 88 
Associntion, 137 
Attention, 479 
oveit, 480 

Behfivior, S 

discriminative, 29 
sexual, 261, 278, 310 
social, Z6I, 278, 310 

Castration, 20, 217 
Cat, 137 

Children, 199, 480 
Chimpanace, 112, 362 
Choice, 2S3 
Color, 58 
Concept, 199 
Conditioning, eyelid, 405 

Deception, 49+ 

Delinquency, 236, 494 
Disciiminntion, 72, 221 
Dominance, 261, 278, 310 
Dream, 227 

Examination, clinical, 480 
Extinction, 405 
Eyelid, 405 
Eye, movement, 468 

Family, 362 

Growth, 3 

Habit, maze, 177 
Hiciarchy, social, 88 
Hoin-book, 250 

Infant, 339 
Insight, 484 
Integration, 3 

Jacobson’s organ, 371 
Juvenile, 494 

Kinnesthesis, 177 

Leaimng, 20, 215, 243, 383. 


Lizard, 88, 217, 371 

Maturation, 383 
Maturity, 243 
Maze, 177 

Metabolism, basal, +71 
Mice, 215 
Motivation, 3 
Movements, eye, +68 

Nystagmus, vcstibulai, 383 
optolclnetjc, 3 S3 

Opposition, 339 

Peg boards, 249 
Primate, 261, 278, 310 

Rat, 471 

white, 72, 20, 58 
Reaction, delayed, 112 
eyelid, 405 
voluntary, 405 
Rending, 236, 149, 243, 468 
Recall, 227 
Relearning, 20 
Response-differentiation, 112 

Sensitivity, 58 
Sex, 227 

Sleep-talking, 227 
Slecp-wnlkmg, 227 
Stimulus-differentiation, 112 
Stunting, quantitative, 215 
Stuttering, 475, 479 
Symbol, vocal, 149 
Syndrome, behavior, 278 

Tests, ABC, 243 
deception, +94 
Thumb, 339 
Typewiiter, 250, 253 

Vision, 29 
color, 58 

Wilting, 243 
inverse, 489 
mirror, 489 


441, 471 




TABLE OF CONTENTS 


Guy Bond and Paul Pendjuck 
Delinquency nrd Reading 
M S. CARD AND F, L WELLa 

Vocal Symbol FormnUon as a Function of Reading Ability 
C. R CARPENTER, J T, COWLPS, AND H. W NiSSEN 

Stimulus* versus Response-Differentiation in Delayed Reac¬ 
tions of Chimpanzees , ... 

G. E. COGHILL 

Integration and Motivation of Behavior as Problems of 
Growth 

L E Cole and Joseph Miilcr 

The Influence of n "Voluntary” Reaction upon the Develop¬ 
ment and the Extinction of the Conditioned Eyelid Reaction 
Marjorie Collins and Norman L Munn 

Disciimlnntion of Red by White Rats . ... 

W. D C0MMIN9 AND CALVIN P StONC 

The Effect of Castration at Various Ages upon the Learning 
Ability of Male Albino Rats: II. Relearning After an In¬ 
terval of One Vear . . . 

J. T Cowles, H W. Nissen, and C R Carpenter 

Stimulus- versus Response-Differentiation In Delayed Re¬ 
actions of Chimpanzees . ... . 

Llewellyn Thomas Evans 

Behavior of Castrated Lizards ... 

Llewellyn Thomas Evans 

A Study of a Social Hioiarchy in the Lizard, Anolu taro- 
hnensU . . . .... 

Sol Evans 

The Role of Kinaesthcsis in the Establishment and Control 
of the Maze Habit . . . ... 

Paul Fbnorick and Guy Bond 
Delinquency and Reading 
Sydney Flanzqaum and A H Maslow 

The Role of Dominance in the Social and Sexual Behavior of 
Infra-Human Primates II An Experimental Deteimination 
of the Behavior Syndrome of Dominance . . 

Marie L. H. Fordes 

A Combination of Peg Boards. 

Marie L, H Forres 

A Combination of Horn-Book and Typewriter 
Marie L. H Fordbs 

The Typewriter Key ns a Device for Registering Choice 
Lawrence Gahacan 

Sex Differences in Recall of Stereotyped Dreams, Sleep- 
Talking, and Sleep-Walking ... . . 


236-243 

149-176 

112-136 

3-19 

405-440 

72-87 

20-2S 

112-136 

217-221 

8S-in 

177-198 

236-243 

278-309 

249- 250 

250- 252 
253 

227-236 



Arnold Gesbll and Henry M Halverson t t .. 

The Development of Thumb Opposition in the Human Infant 

HENRY M Halverson and Arnouj GesEil ^ 

The Development of Thumb Opposition in the iliiman 
Infant « • • ‘ ' ' 

Esther K Harris . 

A Study of the Overt Attention of Young Children during 
Clinical Examination . ' 

W T Heron and Sidney Yogend 

Basal Metabolism and Maze Learning in Eats 
Lyndon M Hill, Jr,, and Fred S Keller 

Another “Insight” Experiment . t 

Wendell Johnson and John R. Knott 

The Factor of Attention in Relation to the Moment of Stut¬ 
tering . • • • 

Wbndbll Johnson and John R Knotp 

The Moment of Stuttering ... 

Fred S. Keller and Lyndon M Hill, Jr. 

Another "Insight” Experiment 
John R Knott and Wendell Johnson 

The Factor of Attention in Relation to the Moment of Stut¬ 
tering ... > . 

John R Knott And Wendelt, Johnson 

The Moment of Stuttering .... 

A M. Koch and C. J Warden 

The InHuence of Quantitative Stunting on Learning Ability 
in Mice . , ..... 

K F KUMPF AND G, K Nodls 

The Function of Jacobson’s Organ iii Lizards . . 

M Bergstrom Louren^o, Filho 

The ABC Tests, A Method of Verifying the Maturity Neces¬ 
sary to Learn How to Read and Write . 

Verne W. Lyon 

Deception Tests with Juvenile Delinquents .... 
A H. Maslow 

The Role of Dominance m the Social and Sexual Behavior 
of Infra-Human Primates. I, Observations at Vilas Park 

Zoo . . ... .... 

A H. Maslow 

The Role of Dominance m the Social and Sexual Behavior 
of Tn/ra-Human Primates III. A Theoty of Sexual Beliavior 
of Infra-Human Primates . . , . 

A, H Maslow and Sydney Planzdaum 

The Role of Dominance in the Social and Sexual Behavior of 
Infra-Human Primates: 11. An Experimental Determina¬ 
tion of the Behavior Syndrome of Dominance . . 

Joseph Miller and L E, Cole 

The Influence of a “Voluntary" Reaction upon the Develop¬ 
ment and the Extinction of the Conditioned Eyelid Reaction 


33?-361 

339-361 

480-484 

471-474 

484-489 

479-480 

475-479 

484-489 

479-480 

475-479 

215-217 

371-382 

243-248 

494-497 

261-277 

310-338 

278-309 

405-440 



SiNA M Mott 

The Development of Concepts {A Study of Cliddreii‘s Draw¬ 
ings) . . , . 

O H Mowrer 

"Maturation” vs "Learning" in the Development of Vestibu¬ 
lar and Optokinetic Nystagmus 
Karl F. Muenzingcr and PIcnry Etta Reynolds 

Coloi Vision in White Rats I. Sensitivity to Red . 

Norman L Munn and Marjoric Coliins 
Discrimination of Red by White Rats 
H W Nissen, C R. Carpenter, and J T Cowles 

Stimulus- versus Response-Differentiation in Delayed Reac¬ 
tions of Chimpanzees 
G K Nodle and K F Kumpp 

The Function of Jacobson’s Organ in Lizards . 

Henry Etta Reynoids and Kari. P Muenzingbr 
Color Vision m White Rats I Sensitivity to Red 
Sydney Roslow 

A Statistical Analysis of Rational Learning Problems 
Norma V Scheiobmann 

Inverse Writing A Case of Consistent Mirror Writing 
Karl U Smith 

Visual Discrimination in the Cal III The Relative Effect 
of Failed and Unpaired Stimuli m the Discriminative 3ie- 
havloi of the Cat 

Calvin P Stone and W D. Commins 

The Effect of Castiation at Various Ages upon the Learning 
Ability of Male Albino Rats. 11. Relearning after an Inter¬ 
val of One Year 
Miles A Tinker 

Time Taken by Eye-Movements in Reading 
WiLt.tAM E Walton 

Exploratory Experiments in Coloi Discrimination 
C. J Warden and A M Kocii 

The Influence of Quantitative Stunting on Learning Ability 
in Mice 

F L Wtlis and M S Card 

Vocal Symbol Foiination ns a Function of Reading Ability 
C N WiNSiow 

The liehavior of Cats on Several Problems in Association . 
Robert M Yerkes 

A Chimpanzee Family . . . . 

Sidney Yucend and W T Heron 

Basal Metabolism and Maze Leaining in Rats 


199-21+ 

383-40+ 

58-71 

72-87 

112-136 

371-382 

58-71 

++1-+67 

489-49+ 

29-57 

20-28 

+68-471 

221-226 

2IJ-217 

1+5-176 

137-148 

362-370 

+71-474 


BOOKS 

Arnold Geseli, 

An Atlas of Infant Behavior' A Systematic Delineation of 
the Form .ind Early Giowth of Unman Behavior Patterns 
(G E, Coghill) 


254-256 



W. N. Ksiiocc Am I h iCbuoco 

Tlie Ape and the Ch»W A Study of Eovlronmcntal Influence 
upon Early Behavior (Robert Leeper) . . . 498-500 

John /. B Morgan 

Child Psychology (Etfyrile B McGruw) . , . . , 257 

Norman L Munn 

An Introduction to Animal P&ychology (Myrtle B McGraw) 256 




.V' t-V'- -' ’ ■ 

cJ^i V^omoH : ,-:■ , 4 * • 


•lolm )$, AnOwvin .. 

UQitmiHif ol AlfitMAm 

GbwlotCftBfllifor. 4*^ ' ; Ai»l 

WiMk ‘.'Hi 

WUItom BnmMm , 

•OlflCk uitlMflKr .'^H 

CycilUnrt , 

UnlmitliQr ol tandok ',;. 
idnnittrcl , ,,, 

.'OrmraOMmMlty -'W.-.■ ' 

Gdl< OlHtunAds 

QnlTCKHtfr fl« <^iiw^ 

l^mund S« C3oakUki 

lArtkuiA VnlfiMt^ 

ftmtepe Ainctl* 9V 


Bd UnMrtitk41 Wmnm • * SImia V ^ ^ 

.^wWlAOiiH^ ■ t" 'j' ^ ■ 


WiJIipm U«iil/ - ..'^^^\ V 
judititn«k*t'Fo^indiiil 0 a*'. ,.k,ff y, 
lloatvn rtT 

l.»t« S« IlQllifliworlli v 

&U»nMa'UiiilynrtlV. ^ , '•'U'*'’ 

Huford Johmon . > -iJ ’' .' 

TfiB jQbrn Hbpktai ^ 

Ifarold JoAM <■ (-<1^,,^^ 

. tr«l««r«lt]rolCal1ftNriiiir.v 

IftimhI Unlvtml^ •■*>••-,<■.. •« 
YoiblhldaKuho . .. 

iUrnihliiui N<»imaL,0aU^ ' qSm^Mi 


WooHay,.,'^; 

n^. 

" - .i't 

■}'*** 



General Psychology 


unip nr 

lURCIllfON. Miii'i LHfwttif 

tPr^nlt/i *'» Ck JJe i'e<t (lanbrtiff Vnl«*tvtttf 

rvf^riRiK 'httilbt J!Ar^ni>«»MlMai l•tt^^k»U0U. 

■ Mf) BAKIb^^ Umufntltal, 

I 

h OMfwftu// Ctorfc If- 
'HHtnUp tMtftrt Iftv. 
httiwt Ji^w VnbMttth 
fl^af^i FiitlA Kru«|M» 
•a I’tiftrfat Vkhtrtftft 
, ( nh.*r*u« 4^ L<mvabh 
lb atMnutBii ilnhurtUyt 
UniS t'KKlII-A, K\ummu 


JUf^trdtfi n’/l{ 2 «ro Bc 4 ly, 

fWlIufroMb, X'tackm Ov/lr^<t» 
iN'#>Mfw btdvtfiUff 
In Kcdlm Harvard 
Oatt/fit Kv S, 

h.bffdteo-PiiiMgif^ JifjiiffiHe, Mwpv>/ 
uaiin^ffj hrm H. ?S(vl»»w, (famdnr- 
H«urf Pi6rOtai 
Pt HffiMfgUdif CaMii & 

M. Wfln/Bz-rf Vnivrntigi Woil- 

T4«rtfBr/ Gotlrga^ 
Habaonnifi Jcjii» Wat 
^‘**'*«'* <iiftami\a 




wA DettenilMri D«vol«d 












$7 00 per volume QUARTERLY March, 193^ 

Single numbers $4 00 Volume XLVIII, No. 1 

Two Tolumes per year 
Founded by G Stanley Hal] in 1891 

THE PEDAGOGICAL SEMINARY AND 

Journal of 
Genetic Psychology 

Child Behavior, Animal Behavior, 
and Comparative Psychology 


MARCH, 1936 

INTEGRATION AND MOTIVATION OF BEHAVIOR AS 

PROBLEMS OF GROWTH . 3 

By G E CooHiLL 

TEE EFFECT OF CASTRATION AT VARIOUS AGES UPON 
THE LEARNING ABILITY OP MALE ALBINO RATS II 
RELEARNING AFTER AN INTERVAL OF ONE YEAR . 20 

By Calvin P Stone and W D Commins 

VISUAL DISCRIMINATION IN THE CAT- III THE RELA> 

TIVE EFFECT OF PAIRED AND UNPAIRED STIMULI 
IN THE DISCRIMINATIVE BEHAVIOR OF THE CAT . 29 

By Karl U Smith 

COLOR VISION IN WHITE RATS I SENSITIVITY TO RED 58 
By Karl F Muenzinoer and Henry Etta Reynolds 

DISCRIMINATION OF RED BY WHITE RATS . 72 

By Norman L Munn and Marjorie Collins 

A STUDY OF A SOCIAL HIERARCHY IN THE LIZARD, 

ANOLIS CAROLINENSIS 88 

By Liewellyn Thomas Evans 

(over) 


Worcester, Massachusetts 
Copyright, 1936, by Clark University 

Entered as second-claas matter December 1, 1927, at the post-office at 
Worcester, Mass, under the Act of March 3, 1879 




STIMULUS- VERSUS RESPONSE-DIFFERENTIATION IN DE- 
LAYED REACTIONS OF CHIMPANZEES . 

By H, W, Nissen, a R Carpe™, and J T. Cowles 

THE BEHAVIOR OF CATS ON SEVERAL PROBLEMS IN AS¬ 
SOCIATION . . 

Br C, N. Winslow 

VOCAL SYMBOL FORMATION AS A FUNCTION OF READ¬ 
ING ABILITY . . 

By M. 8 CARD AND F L Wells 

THE ROLE OF KINAESTHB8IS IN THE ESTABLISHMENT 
AND CONTROL OP THE MAZE HABIT 
By Sol Evans 

THE DEVELOPMENT OF CONCEPTS {A Study of Cfiildreii's 
Draviings) ... ... 

By Sina M Mott 

SHORT ARTICLES AND NOTES 

The Influence of Quamuative Stunting on Learning Ability m 
Mice {A, M Koch and C, J Warden) 

Behavior of Castrated Lizards (Llewellyn T. Evans) , , 

Exploratory Experiments in Color Discrinnnation (William E 

^ Walton . . 

Sex Differences in RecaU of Stereo^ped Dreams, Sleep-Talking, 
and Sleep-Walking (Lawrence Gahsgan) 

Delinquency and Reading (Paul Pendrick and Guy Bond) 

The ABC Tests i A Method of Verifying the Maturity Neces¬ 
sary to Learn How to Read and Write (M, Borgstroin 
Lourengo, filho) 

A Combination of Peg Boards (Marie L. H. Forbcsl . 

A Combination of Horn-Book and Typewriter (Marie L, 11. 
Forbes) ...... 

The Typewriter Key as a Device for Registering Choice (Marie 
L, H Forbes) . . , , 

BOOKS .... 

* •***.. 

BOOKS RECEIVED . . 




INTEGRATION AND MOTIVATION OF BEHAVIOR AS 
PROBLEMS OF GROWTH* 

From the IViSiar InsiituU of Anatomy and Biology 


G E. COGHILL 


This paper is presented as a summary of my work on the correla¬ 
tion of structure and function in the development of behavior and as 
an application of my results to psycho-physiological problems of inte¬ 
gration and mdividuation. The treatment must necessarily be brief 
and possibly unsatisfactoiy to critical students, but an exhaustive 
presentation of the subject cannot be presented at this time. The 
following treatment, it is hoped, will at least make my biological 
approach to psychological problems intelligible. 

My neurological investigations began in 1898, and dealt specifi¬ 
cally with a variety of the ^nus Amblysioma C^pe, which genus, 
with the exception of temporary diversions to neaily related forms 
{Diemyclylns, Tntonj or Triiunis), hns been the subject of my 
studies to the present time My earlier re^arch dealt with purely 
neurological problems, particularly the analysis of the cranial nerves 
into their functional divisions according to the conception of func¬ 
tional components which had developed in America, chiefly through 
the -work of Henry Fairfield Osborn, Oliver S Strong, C Judson 
Herrick, and John B Johnston It some six or seven years 
later that I conceived the idea of studyit^ the development of be¬ 
havior in these uiodele amphibians with a view to determining 
whether or not the development of behavior could be correlated in 
a definite way with the structural development of the nervous system. 

When I began tliesc correlated anatomical and physiological studies 
it was not known whether the behavior of an animal comes to be 
what it is by chance or by an orderly development as in the case of 
Its structure. There were on record numerous studies of the move¬ 
ments of embryos, cluef among which were the monumental investi¬ 
gations by Preyer. Preyer had, in fact, described important features 
of the movements of amphibians in the egg, but he did not disclose 

“Accepted for publication by Leonard Carmichael of the Editorial Board, 
and received in the Editorial OHlce, October 51, 1935. 
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any orderly sequence of these movements culminating in a definitive 
behavior pattern such, for example, as locomotion Pieycr studied 
extensively, also, other types of vertebrates, especially the clijcic, but 
here again he concemed himself particularly with the classification of 
movements {Alhkinettsche' Passive, Irritative, Reflex, /lutoki- 
netiscliei Impulsive, Instinctive, Vorgestellte) without explaining 
tlieir orderly genesis. My first step, therefore, in the con elation of 
nervous structure and function in the development ot behavior was 
of necessity to determine whetlier or not the behavior developed in 
an ordeily manner in the animal which I proposed to study ana¬ 
tomically 

My fiist preliminary studies of the development of behavior were 
in 1906 upon embryos of Rana and Amblyslomaj but my first pub¬ 
lished report was in 1907 upon Diemycfylus iotosns Esclischoltz In 
this animal I found that the first reaction to light touch with a hair, 
whether on the side of the head or on the trunk or tail, was a bend¬ 
ing of the most anterior part of the trunk to one side As the cmbiyo 
grew older this lateral flexure progressed caudad till the whole trunk 
was involved in the movement. Eventually this unilateral flexure 
became extreme and resulted in a close cod of the trunk. During 
this period it was observed that every movement began in the anteiior 
end of the axial musculature and progressed caudad. This cephalo¬ 
caudal progression in later development, it was discovered, effects 
locomotion, for after the coil reaction has become perfected the 
flexuie which would ordinarily result in a coil is reversed before it 
has been completed, and there result two flexures in opposite direc¬ 
tion, the one following the other tailward through the axial muscu¬ 
lature. When the animal reached the degree of development which 
enabled it to perform these cephalocaudal progressing flexures in 
senes, it could swim. Aquatic locomotion, accordingly, was found 
to be acquired through an orderly development of function in the 
axial musculature. This fact had not been observed by Preyer or 
earlier investigators. 

Another important fact that had been overlooked by other inves¬ 
tigators is that the movements that lead up to swimming in the sala¬ 
mander are total reactions During this period there aie no per¬ 
ceptible contractions of isolated segments or groups of segments of 
the axial musculature excepting at its anterior end, in which case 
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they are simply the beginning of total reactions which ordinarily 
extend taihvard thioughout the axial musculatuic but which stop 
short of full peiformance—.they are abbreviated total reactions. 

At the time when Amblystoma begins to swim thcic are no mobile 
appendages The external gills are cleaily defined as nobs of epl- 
thetical tissue, and the fore limb is even less developed than the gills, 
while the hind limb is not yet perceptible. As development proceeds 
the gills fiist become motile, then the fore limbs, finally the hind 
limbs, and as each pair of these appendages becomes motile they move 
only with contractions of the axial musculature For a relatively 
long period they are integial parts of a total pattern of action which 
includes the axial and appendicular musculatuie, but, of them¬ 
selves, they have no power of response to tactile stimulation upon 
them. Eventually, however, independence of action is acquired by 
the appendages, and this independence of action of the sevcial pairs 
of appendages, gills, foie limbs and hind limbs, is acquired by them 
m the same order m which they acquired the abilitv’ to act as a part 
of the total pattern, and their independent movement is the same in 
configuration as the earlier movement which was a part of the total 
pattern The appendage thus acquiies a degree of individuality of 
its own. For this reason, I call the process, by which this individu¬ 
ality of the appendage is acquiied, individuation. Total integration, 
accordingly, is the primary condition of the behavior of Amhlystoma. 
Local reactions or reflexes are of secondary origin, and arise within 
the total pattern They do not arise outside the total pattern and 
become added to it by accretion. Neither do local reactions or 
reflexes form the total pattern by accietion with each other They 
emerge within a piimarily integrated pattern, and become coordi¬ 
nated with each other through their primaiy integration with the 
total pattern 

This solidarity of organization of the reflex within the total pat¬ 
tern of action IS seen in the eailiest local reflex action of the fore 
limb m response to light touch on the hmb This earliest reflex 
can be elicited only when the animal is forced into a definite and 
specific posture, which is at this time a total reaction of axial and 
appendicular musculature, before the reflex action of the limb alone 
can be elicited in tiie normal posture If at this time the animal is 
brought into an approximately supine position with the body slightly 
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twisted upon its longitudinal axis, one leg is elevated and the other 
depressed. While in this position the elevated limb will respond 
to tactile stimulation with a sharp movement of elevation. The 
earliest redex action of the limb is thus liberated from the pattern of 
total integration by conditions prevailing in the total pattern itself, 

That the allied reflexes acquire their mutual coordination with 
each other through the total pattern is shown m certain early re¬ 
sponses of the external gdls and the fore limbs. Before the limb 
has acquired local reflex action, a touch on the limb causes either 
total action of the animal or a local reflex of the gill, and, under 
these conditions of normal posture, the earliest reflex action of the 
limb occurs only m combination with action of the gills. Later the 
limb acquires independence from the action of the gills, and the pure 
reflex of the limb becomes established. In this case, the condition of 
alliance of two potentially independent reflexes is primary, and their 
separateness is secondary. Just as the gills acquired relative inde¬ 
pendence of the overt total pattern of action, so the fore leg ac¬ 
quires relative independence from a pattern of integration 
which includes gills and leg The same principle is observed also 
in the development of rotation of the hind leg, wliich does not 
acquire the ability to abduct and rotate separately, and then combine 
these actions into abduction-rotation. The earliest rotation of tlic 
leg, on the contrary, occurs as a phase of abduction. It occurs only 
at extreme abduction, and m this manner effects the plantigiadc posi¬ 
tion of the foot before the foot is an actual factor in locomotion 
through contact with a surface. 

Terrestrial locomotion, like the aquatic, is also a total action pat¬ 
tern in Amblystoma The walkmg gait involves action of the trunk, 
fore limbs and hind limbs. The action of the trunk in walking is 
a slow swimming movement which, as in aquatic locomotion, pro¬ 
gresses from the head tadward. With the beginning of the move¬ 
ment in walking, if the head moves to the right, the right fore limb 
adducts (moves backward) and the left fore limb abducts (moves 
forward) As the fore limbs move in this mannei the flexure 
progresses tadward and, as it reaches the level of tlic hind limbs, 
the Tight hind limb abducts and the left hind limb adducts. This 
integration of trunk and limbs in the walking gait is established 
before the hind limbs touch the surface on wlilcli the animal rests 
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during the process, while they still act as paddles without flexion at 
knee or ankle, before they lotate to a plantigrade position, and be¬ 
fore they have any power of local reflex action in response to light 
touch In the beginning of the walking gait, therefore, the limbs 
function wholly as integral parts of a total pattern of action without 
any intervention of local reflexes. Local reflexes of the limbs appear 
later, as the limbs become a factoi in orientation of the animal with 
reference to a surface 

The reaction of the fore limb to postural adjustment of the animal 
as a whole has already been mentioned in relation to the earliest 
leflcx action of the fore limb In this ci^e, before the fore legs 
have any power of local reflex action, the right leg elevates and the 
left leg depresses (moves ventrad) as the body rotates upward on 
the right side. The same reaction occurs in the hind legs upon 
rotation of the body before they have power of reflex action. 
The primary action of the limbs, accordingly, in orientation of 
the animal m space is a component of a total reaction. In 
orientation of the animal with reference to a surface, on the other 
hand, reflex action of the limbs partidpatcs 

In Amblyitoma, so long as the animal is aquatic, orientation with 
reference to a surface is a minor factor, and local reflexes of the limbs 
are proportionately of little consequence in behavior, but as the ani¬ 
mal becomes terrestrial in its habits these icflexes become of much 
greater consequence Similarly, in higher veitcbrates, which support 
themselves on surfaces wholly upon their limbs, these reflexes acquire 
still greatei importance and a higher degree of individuation. In 
posture and locomotion, therefore, two factors are concerned * the 
total action pattern, which has to do with orientation in space in 
the definition of the gait, and the partial patterns or reflexes, which 
have to do preeminently with orientation in relation to surfaces But 
the local reflex components in these postural functions arise geneti¬ 
cally within the total pattern of action, and in normal behavior act 
under its domination, just as the earliest reflex of the fore hmb is 
dominated or conditioned by a postural total reaction which involves 
the wliole animal. 

The same pifnciple of total action is followed in the earliest 
postures or acts which give evidence of attention. This form of be¬ 
havior can be elicited by moving a small object through the animal’s 
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field of vision As the abject passes from directly in front of tlic 
animal to its right, for example, the eyes rotate accordingly and tlic 
head follows the movement of the object by flexure of the trunk to 
the right, and, in cooordmation with this movement of the axial 
muscles, the right fore leg adducts (moves backward) and the nglit 
hind leg abducts (or m the earliest phase of the reaction both hind 
legs may abduct simultaneously). Although the hind legs participate 
in this reaction, it occuis a lelativcly long time bcfoie tlu'V can respond 
discretely to local stimulation cither by light touch, pressure, or forced 
manipulation. To any form of stimulation of the hind leg at this 
time the reaction is swimming; although at times the animal will 
lie quietly while the leg is being stimulated, so that capability of local 
reflex action can be thoroughly tested The act of visually regard¬ 
ing an object is, therefore, a total reaction Although it involves 
some parts which at the time can perform local reflexes it involves 
others that cannot The latter have no independence of action; the 
foimer under some conditions have it in a relative degree only, foi 
they are quite as subservient to the organization of the total pattcin 
in the act of regarding an object as arc the parts that have no capa¬ 
bility of reflex action. Regarding an object visually cannot in this 
case conform to the conception of chain reflexes. It Is primal ily 
and absolutely an act of the organism as a unit. 

In the further performance of this act of attention, aftci the ob¬ 
ject has been followed into the limits of the field of vision, ihc animal 
may pause as if regarding the object intently, and then take a stop or 
two towards it, or it may jump after it as in capturing its picy. This 
complete act involves, first, movement of the eyes and anterior por¬ 
tion of the axial musculature and then expansion of the field of pci- 
fectly integrated action through the foie limbs, the trunk, tlic hind 
limbs and tail. This expansion of perfectly integrated action, with¬ 
out the intervention of local reflexes, culminates in an adaptive pos¬ 
ture with leference to the object in the field of vision, and finally the 
postural tonicity is released, probably by inhibition, into adaptive 
action (captuiing food) The postuic is the pliysiological equiva¬ 
lent of anticipation and attention. 

This relation of posture to adaptive pattcins of action is seen also 
in the development of swimming and walking As described above, 
the embryo of Amblystoma passes through a period in its develop- 
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ment ■when it curlb its body into a tight coil by means of a unilateial 
flexure progressing from the head tailward. This coiled position of 
the body is frequently held for many seconds, and may, therefore, 
be regarded as postural in nature, but a sudden release of the postural 
tonus on one side is continued into a flexure to the opposite side; 
while both these processes, the release of the primary flexuie and the 
bending into the secondary or reversed flexure, progress caudad Pos¬ 
ture in this case seems to be. conveited into locomotoi action thiough 
inhibition. The special mechanism, that brings this tiansition about 
will be described later on. 

Locomotor action of the limbs, also, arises in Amblystomm in the 
same way. In the earliest use of Us fore limbs for locomotion the 
animal extends both limbs simultaneously and then, by slowly 
adducting them simultaneously, it falls forward and thus gams a 
position slightly m advance of its original position. A little later in 
development, it raises its head and fore part of the trunk to an ele¬ 
vated position as before, but, instead of falling forward, it turns the 
head, for example, to the right and abducts the left fore limb In 
this act the right fore limb is drawn into an adducted position. This 
IS the form of the earliest step, and when this position is taken it is 
held for some time as a fixed posture. It may occur many times be¬ 
fore one of these attitudes or postures is released and succeeded im¬ 
mediately by a leversal of the performance so that one step follows 
another. 

In the case of the hind limbs, also, before they begin to move al¬ 
ternately in coordination with the fore limbs in walking, both are 
abducted simultaneously when the animal starts to walk with the 
fore limbs Slightly later than this, when the animal acts as though 
it vvcie starting out to walk, it assumes the walking posture with the 
fore limbs and flexes the body laterally to the level of the hind limbs. 
At this 3unctUTe the hind hmb on the concave side abducts, and the 
other hind limb adducts This position of the body and limbs may 
be held for a relatively long time. This posture may be assumed 
many times before the animal actually begins to walk with the hind 
limbs, and when it does so, the postural position is released fiom the 
head tailward and the flexure of the body reversed In this reversal 
of bodv movement, the flexure of the body is accompanied by the 
coordinated action of the limbs which constitutes walking, as de- 
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scribed above. Accordingly, the initiation of swimming, walking, and 
the act of feeding is effected by a release of a posture winch expresses 
the basic integration of the respective acts. 

It is suggested that this release of a postural pattern into an action 
pattern is brought about through inhibition of the initial tonic mus¬ 
cular contraction, which maintains the posture, in favoi of tlic action 
of the antagonist musculature. And the action pattern, as alicady 
explained, is a total pattern Its inhibition, then, must he effected 
by a pattern of total, as opposed to local, inhibition. The evidence 
of a total pattern of inhibition appears, also, in the individuation of 
local reflexes For a period just preceding tlic appearance of the 
local reflex of the fore leg, for example, a touch on the potential 
leftexogcnous aone not only fails to excite action of any kind, but, 
following the application of the stimulus upon the leg, the animal 
may be pushed about the dish by pressure upon the zone in which 
earlier a light touch excited violent action. Ilut immediately after 
this, while the animal is under Inhibition induced by light touch on 
the potential reflexogenous zone, a light touch on any other part of 
the body excites quick action. Then, following this period when 
touch on the potential reflexogenous zone inliibited total action, a 
touch m the same region excites a local reflex of the leg without 
perceptible action of the trunk. This same phenomenon appeals in 
relation to the individuation of reflexes of the external gills and of 
the hind legs. Furthermore, as the time approaches for the animal 
to attack an object in the field of vision, as in capturing food, but 
before it does so, the animal may be pushed about the dish by pres¬ 
sure of the object so presented against the region about the mouth, 
whereas a light touch on any other part of the body at this time 
excites total action, The important consideration in all these cases 
of inhibition is that the pushing of the animal about the dish by 
pressure on the potential reflexogenous zone must stimulate manv 
parts^ of the body, both exteroceptivdy and proprioceptively. The 
inhibitory eftect, therefore, must be total as opposed to local in its 
scope. The local reflex, then, makes its appearance in a field of 
general inhibition. 

In the performance of particular acts of the salamander thcie is 
a very intimate involvement with their development. It 
has been noted above that flexure of the trunk occurs first in 
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the anterior region, and, as the animal grows older, the flex¬ 
ure involves more and more of the axial musculature. Genetically, 
then, contraction of the axial musculature develops from the head 
tailward. Physiologically, a particular contraction arises in the same 
manner Swimming vs accomplished through cephalocaudal contrac¬ 
tion of the axial musculature. The particular act of swimming, 
accoidmgly, is a telescoping, recapitulating, or syncopating of the 
development of the act. This holds also for walking, which, as 
described above, is at the outset a total action of the axial and 
appendicular musculature, proceeding from the head tailward. The 
act begins with a cephalocaudal flexuie of the trunk according to the 
order of genetic development of the movement, and involves the 
appendages in the order according to which their movement developed 
genetically. The various organismic elements involved in the act of 
capturing prev, also, take part in that act according to the temporal 
order in which they acquired their function genetically Por an un¬ 
derstanding of the nature and components of a particular behavior 
pattern, therefore, the genesis of the pattern m time, in terms of the 
individual’s life and development, must be taken into account 
In the above sketch of the development of behavior in the sala¬ 
mander, the genesis of all the acte that are basic to the survival of 
the individual has been traced, namely, aquatic locomotion, terrestrial 
locomotion, capturing and swallowing food, and local reactions to 
stimuli m definitive reflexogenous zones With these necessary acts 
acquired, it lemains only for the individual to adapt itself to its 
environment in the use of these functions as life pioceeds The ques¬ 
tion now aiises whether or not the animal uses tlie same method in 
adapting its acts to its environment as it used in acquiring those acts, 
The particular acts are acquired by the expansion of a primarily 
integiated total pattern of action and the individuation of partial 
patterns of action withm the total pattern Can adaptation of be¬ 
havior to the requirements of the individual, or learning in the 
broadest sense, be brought about by this method^ 

One factor of adaptation in behavior has already been mentioned, 
namely, alliance of reflexes As explained, two reflex performances 
which in later life may act either independently of each other or in 
alliance with each other are allied before they can be performed 
independent!)' Their independence of each otlier is acquired by 
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individuation within a larger pattern which includes them both. 
This situation is the same as the coordination of all foui limbs in 
walking the fore limbs and hmd limbs are cooiclinated witli each 
other because they are integral parts of a primarily integrated whole. 
Any independent action of a limb in adaptation to a particular situa¬ 
tion IS therefore acquired by individuation within a laigei inte¬ 
grated pattern 

The conditioning of reflexes, also, involves the same principles as 
are observed in the development of unconditioned relieves; only the 
process is much more rapid in conditioning than it is in genesis In 
case of the unconditioned reflex the piocess is regarded as develop¬ 
ment, while in the conditioned reflex it is thought of as phj’Siological; 
but such a distinction between developmental and physiological pro¬ 
cesses in the nervous system is purely hypotlietical. My work has 
demonstrated that some neurones grow while they function as con¬ 
ductors, and that their growth is coirelatcd with the development of 
their function. Under such conditions function and gioNVtli arc in¬ 
separable When neural growth of this older ceases in tlie course 
of the life of the individual is not known. Its continuance would not 
necessitate increase in the mass of the nervous system, for differ¬ 
entiation of tissue may occui with decrease in its mass, as, for 
example, in the metamorphosis of amphibians and insects. On n 
piio>i giounds, therefore, the hypothesis that thcic Is gio^vth going 
on m the nervous system so long as the individual can adapt its be¬ 
havior to changes in its environment is not untenable. The con¬ 
ditioning of reflexes may, then, be regarded as involving not only a 
physiological factor but also a factor of giowth. 

It is known that in the beginning of experimental conditioning both 
the motor and tlie sensory factors are leiatively vciy diffuse and 
general in their scope On the sensory side there occuis with the 
advance of conditioning a progressive reduction in tlie extent of the 
reflexogenous zone or the range of the impinging stimuli (sound) 
Simultaneously there is also a progiessive reduction or delimiting of 
the motor response Accordingly, both the rcccptoi and the effector 
functions that are involved in conditioning aiise througli indivKlua- 
tion within larger fields of action; and this is exactly what occuis 
in the development of unconditioned reflexes Minkow'ski, for ex¬ 
ample, has pointed out that in the early stages in the development of 
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the plantar reflex in the human fetus the typical response could be 
excited by a touch on the dorsum of the foot as well as on the plantar 
surface, and that plantar stimulation excited extensiye action of all 
the toes, the foot, and even the leg It appears, accordingly, that 
conditioned and unconditioned reflexes differ in regard to their 
genesis only in the rate at winch they are acquired 

Chain reflexes may also be interpieted upon the same principles. 
Jacques Loeb used the act of capturing food by the frog as the type 
of chain leflexes. Accoiding to Loeb, the retinal image of an insect 
excited the fiog to jump after the insect and then the insect within 
the mouth excited swallowing But when the development of the 
neuial mechanism that is concerned m the act of capturing and 
swallowing food is understood, the act is recognized not as a series 
of independent reflexes, the one exciting the next in the senes, but 
as a unitaiy act from fiist to last. Visually regarding an object has 
been explained above as being necessarily a total pattern of action, 
and this act is the primaiv component of the feeding reaction 
Without doubt, the presence of food m the mouth modifies the act 
of swallowing, but according to the nature of the neural mechanism 
involved, the frog does not wait till the food is in its mouth before 
It begins the act ot swallowing The structure of the mechanism 
shows that the retinal image must arouse to action the entire sensory- 
motor apparatus involved m capturing the prey and swallowing it. 
The act is an integrated whole in which the successive elements 
emerge in appiopriate order to consummate the act If, perchance, 
the leap for the prey be unsuccessful and the oral stimulation wanting, 
there is sound anatomical evidence that the reaction would not stop 
sliort at that point but that the act of swallowing would be carried 
out, at least incipicntly, in tlie absence of the morsel of food 

The chain reflex of Loeb has been accepted by many students of 
behavior as the explanation of instincts* instinctive performances are 
regarded as extensive series of chain reflexes initiated bv a particular 
stimulus from the environment The validity of this interpretation 
cannot be discussed at lengtli heie, but it must be obvious that the 
interpretation just given of the chain reflex itself as a total pattern 
of action IS destructive to the idea that an instinctive act is simply 
a senes of independent reflexes Instinctive behavior involves the 
whole organism. Within the total pattern of action as it extends in 
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time there emerge successive components winch may superficially re¬ 
semble reflexes but which are integral parts of a primarily mtcgratcd 
space-time pattern, just as the individual limbs of the salamander 
are coordinated with one another in walking by virtue of the fact 
that each one is an integral part of a primarily integrated wdiolc. 
But at any point in the progress of the instinctive pattern in time 
there may occur reinforcement, interference, or modification hy local 
reflex action, just as the anti-gravity postural reflexes emerge in the 
total pattern of the walking gait, which is, itself, a total pattern of 
action, that is to say, not formed by accretion or coordination of 
primarily independent local reflex patterns. 

In short, a satisfactory understanding of behavior requires that it 
be perceived as a unitary pattern which unfolds in time as well as in 
space, and that particular performances arc an expression of tlicir 
genetic development In other terms, behavior is n spacc-time pat¬ 
tern, and the concept of unity of pattern must be regarded as tem¬ 
poral as well as spatial This principle may be observed in the 
development of the nervous system as well as in the development of 
behavior 

There is in the salamander a nervous mechanism that intcgintcs 
all somatic movements into a unitary pattern of action. It is com¬ 
posed of longitudinal neurones which lie next to the floor plate on 
either side of the central nervous system These neurones conduct 
tailward, and give off collaterals which go out of the spinal cord as 
ventral root-fibers and innervate the axial muscles. The primary 
motor neurone is, accordingly, an integrating neurone. In the early 
stages of development the organization of the sensory system and the 
floor plate, through which stimuli must pass to reach the motor sys¬ 
tem, is such that stimuli from all parts of the body must enter the 
motor system at its anterior end During this period, owing to this 
arrangement, all contractions of the axial musculature begin in the 
anterior part and progress tailward. As a result of this organization 
of the nervous system the axial musculature is integrated, and swim¬ 
ming is made possible. 

But, as stated above, the act of swimming is initiated bv the lelcasc 
of a strong postural tonus which expresses itself in a tight coiling of 
the trunk, this release being followed by a flexure in the reverse direc¬ 
tion. At the time when such a release of postural tonus begins to 
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occur, very fine collaterals are found on the motor neurones within 
the spinal cord in the anterior region These collaterals go to the 
cells of the floor plate which, in turn, go into the motor tract of the 
opposite side These collateials are regarded as having inhibitory 
action upon the axial musculature of one side while that of the other 
contracts, according to the principle of inhibition of the antagonist 
It is this mechanism that was mentioned above in regard to the rela¬ 
tion of posture to locomotion through inhibition. 

The mechanism which integrates the axial musculature integrates, 
also, the appendicular musculature with the axial This is accom¬ 
plished by means of branches from some of those fibers which inner¬ 
vate the myotomes These branches go to the musculature of the 
limbs, and are the first motor fibers to reach the limbs. The earliest 
movements of the limbs are, by reason of this anatomical arrange¬ 
ment, necessarily integrated with movements of the trunk. 

This mechanism of total integration in the young salamander be-- 
comes the fasciculus longitudinalis medialis of the adult. This tract 
extends in the salamander from its nucleus in or near the boundaiy 
between the diencephalon and mesenceplialon through the medulla 
oblongata and spinal cord, and Is the primary neural organ of loco¬ 
motion. In higher forms, such as mammals, it is large in the brain 
but diminislies in size as it passes downwaid and soon disappears in 
the fasciculus propnus ventralis of the spinal cord. Its spinal por¬ 
tion maintains its identity in those forms which use the trunk and 
tail directly in locomotion; but in those forms which use the ap¬ 
pendages directly in locomotion and their trunk as primarily a 
postural anchorage for the limbs in this function, the fasciculus 
longitudinalis medialis loses its identity more or less in the spinal 
cord, where the fasciculus propnus ventralis, composed of relatively 
short neurones, serves posture more immediately than locomotion 
proper 

But in the higher vertebrates the fasciculus longitudinalis medialis 
is the first longitudinal conducting system to make its appearance in 
the embryo. He says it is found in a human embryo of 6 9 mm in 
length. In point of time, therefore, it is the primary motor mechan¬ 
ism of the human nervous system The primary relation of this 
tract in mammals is with the nuclei of the eye-muscle nerves, which 
contiol all movements of the eyes, including their conjugate deflec- 
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tion. Now, these movements of the eyes, although involved in pos¬ 
tural reactions, aie primarily allied with movements of the head tliat 
are involved in locomotion. Accoidingly, tlie fasciculus longitudinalis 
medialis in higher vertebrates integrates the movements of tlic eyes 
with those of the head (neck) in posture and locomotion, just as in 
the salamander it integrates the limbs with the trunk. It consolidates 
the parts with which it is related into a unitary system. 

In a recently published work C Judson Herrick shows that the 
nucleus interpcduncularis of l^ecltmis is a part of the mechanism 
of total integration, for axones arising from some of its cells enter the 
tract of this mechanism. This nucleus, it is important to note, is 
an end-station for the earliest tracts to appear in the forebrain: the 
nervous terminalis, the Ixabenulo-peduncular tiact, the mamillo- 
peduncular tract, and the olfacto-pcduncular tract. Accoidingly, 
through these conduction paths the earliest nervous function of the 
forebrain must act, not on local reflex mechanisms, but upon the 
mechanism of total integration. This condition demonstrates in a 
broad way the expansion of the mechanism of total integration into 
the higher segments of the brain, and, for this reason, gives anatomi¬ 
cal grounds for the view that the functions of tlic higher centers of 
the brain develop according to the same principles tliat arc observed 
in the development of the functions of the spinal coid: namely, by 
the expansion of a primarily integrated total pattein and Individua¬ 
tion of partial patterns within it. These principles wc found, also, 
in the development of conditioning of behavior, which is regarded as 
a function of the higher brain centers. 

To this point the discussion has related wholly to integration It 
remains now to consider the relation of the growth of the nervous 
system to the motivation of behavior. 

The observations by H. C. Tracy on the early behavior of the toad- 
fish furnish the key to the problem of motivation Tracy found that 
the embryos of this fish carry on'definite more or less rhythmic inte¬ 
grated muscular contractions for a considerable period bcfoie it is 
possible to demonstrate sensory functions, citlier exteioccptive or 
proprioceptive The embryos could be forcibly bent and otlieiwise 
abused without arousing any motor functions, but when they were 
allowed to lie quietly in the water they would at comparatively regu¬ 
lar intervals execute contractions of the axial musciilatuic. These 
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actions Tracy called "endogenous" rathei than "spontaneous/' be¬ 
cause he found that then rate was accelerated by increasing the con¬ 
centration of carbon dioxide in the water He concluded, accord¬ 
ingly, that as ordinarily executed these movements were excited 
normally by the accumulation of carbon dioxide in the blood or tis* 
sues as a phase of respiration. There is, therefore, in the early 
behavior of this animal, a “drive” to action like the "hunger drive” 
and the "sex diive” in higher animals, but it begins to function in the 
toadfish without the intervention of a sensory component of the 
nervous system. Furtheimoic, aftei a sensory component is de¬ 
veloped, and after it can be demonstrated as participating 
in the general behavior of the toadfish, the endogeneous ‘‘diive’’ 
contributes the tempo of performance. Also, other fishes, which have 
a more rapid tempo of endogenous action in the pre-sensory stage than 
does the embryo of the toadfish, differ fiom the toadfish in the same 
way m their tempo of action as adults The pie-sensory endogenous 
drive of the cmbiyo, theicfoie, goes ovci into adult life and con¬ 
tributes basic characteristics of the animal’s behavior 

In relation to this endogenous drive, Angulo y Gonzalez has 
established a most impoitant principle He has demonstrated that, 
under progressive asphyxiation of the fetus of the rat by ligation of 
the umbilical coid, movements are made in reverse order to that in 
which they appeal genetically in normal development This means 
that the sensitivity of the nerve cells of this animal to endogenous 
stimulation is correlated with their age or stage of development— 
the youngest or least mature cells being the most sensitive; and the 
older the cell the less sensitive it is to endogenous stimulation The 
application of this piinciple to my observations on the development 
of the neivous s5'stem of Amblystotna 9.Z correlated with the develop¬ 
ment of behavior has important bearing on the problem of motiva¬ 
tion of beliavioi 

The primaiy stimulus-response mechanism of Amblystoma is rela¬ 
tively simple. The afferent neurones conduct the impulse from the 
receptois to neurones of the second order, which in the spinal cord 
are located in the floor plate Thiough the latter cells the impulse 
IS earned to the motor cells of the opposite side While this primary 
stimulus-iesponse mechanism is the only functional part of the central 
nervous system, other neuro-blasts are differentiating out of the 
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neuroepithelium out$ide this mechanism, and growinK hv means of 
their axones into It In other words, new neurones develop outside 
the stimulus-response mechanism and beyond tlie range of pi^ysiologi- 
cal stimulation from the receptors. Furthermore, tlicir axones grow 
into the mechanism of total integration so that if stimulated en¬ 
dogenously (they cannot be «itimulated exogenously by ic.tsnn of 
their isolation from the sensory system) they would excite tlie animal 
to total activitv. And such activity charactciizes the “diivc" of tlic 
psychologists. 

The degree to which nervous oiganizatlon In the biain develops 
beyond the field of exogenous stimulation in Amblystaina is illus¬ 
trated in the diencephalon and mesencephalon, In which the major 
conduction paths can be recognized before there can be demonstrated 
any afferent fibers into these parts of the brain from the metencepha- 
Ion, from the telencephalon, or from the retina. Tlie degree of de¬ 
velopment of these neurones, judged by the structure of tlie spinal 
neurones which are known to be conductors, indicates that they have 
acquired nervous function. Now, since they aic youngci and less 
mature than the neurones of the stimulus-response mechanism, they 
must be, according to the results of Angulo y Gonzalez, moie sensi¬ 
tive than the latter to endogenous stimulation j and since thcic arc 
efferent neurones from the mesencephalon into the mechanism of total 
integration, endogenous stimulation would arouse tlie animal to total 
' action. But this mechanism of the diencephalon and mesencephalon, 
which is m its early condition subject only to endogenous stimulation, 
is soon invaded by afferent neurones from the retina, telenceplialon, 
and lower segments of the brain, and so becomes incorporated into 
the stimulus-response mechanism. 

Nevertheless the field of endogenous stimulation is not lost by 
this incorporation of the early centers and tracts of tlie dienccplialon 
and mesencephalon into the stimulus-response mechanism, for while 
this incorporation is taking place higher centers are still developing 
in the forebrain beyond the confines of the stimulus-response mechan¬ 
ism, and becoming subject in the same manner to endogenous stimu¬ 
lation. And so it is, upon this hypothesis, that so long as tlie brain 
is growing by tlie maturation of neurones, there is in it a nervous 
field that under endogenous stimulation can function in the intiinsic 
motivation of behavior. Such motivation I regard as basic to instinc- 
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tive behavior and, theiefore, an important factor in all those psycho- 
pathological piocesscs m which instinct plays a part. 

In relation to psychopathology another principle of development 
must also be taken into account, namely, the conflict that prevails 
from the first between the mechanism of total integration and the 
mechanisms of partial patteins The latter, as already explained, 
arise within the mechanism of the total pattern and give rise to partial 
reactions (reflexes) as opposed to the total pattern of action The 
mechanism of the total pattein tends to maintain complete integrity 
of beliavior; the mechanisms of partial patterns tend to destroy this 
integiity In the growth and function of these systems thcie is 
necessarily a peipetual confiict The simplest cxpiession of this 
conflict occurs in the spinal cord in i elation to reflexes of the limbs 
In oidei that such local actions can serve the purpose of the organism 
as a whole, they must be undci the control of the mechanism of total 
integration. The highei and moie complicated expression of this 
conflict concerns the integiity of the personality Here it is chiefly 
the cerebral cortex that is the seat of conflict between the paitial 
and total patteins of integration The various components of the 
personality, according to this hypothesis, just as local spinal reflexes, 
develop by individuation within the mechanism of total integiation, 
and their normal function depends upon their subordination to that 
mechanism. But this relation may be destroyed either by a weaken¬ 
ing of the mechanism of total integration or by hypertiophy ot 
mechanisms of partial patterns. The integiity of the personality, 
therefore, upon this biologic basis, must be regarded essentially as n 
problem of giowth withm the ncivo«s system, and the normally func¬ 
tioning nervous system must be jcgaided as a giowing organ 

In bilef, the lesults of my study of the growth of the netvous 
system m relation to the development of behavioi suppoit the 
hypothesis that learning is essentially growth, and that mental hy¬ 
giene is fundamentally a pioblem of growth This interpietation 
receives support also from the work of numeious investigators whose 
work cannot be mentioned within the limitations of this article 
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the effect of castration at various ages 
UPON the learning ability of^ male 

ALBINO RATS 11 RELEARNING AFTER 
AN INTERVAL OF ONE YEAR^ 


From the Psychology Laboiatorjf of Slanfoul Uiiivcisi/y 


Calvin P Stone and W. D Commins 

In a preceding paper by Commins (1), it was shown that castra¬ 
tion of male albino lats at the ages of 20, 50, 90, 130, aiul 170 (lavs 
had no dcleteiious effects on their learning of three ma/cs and a 
discrimination task that were given when they wcic between si\ and 
7 1/3 months of age Fifty days after completing tliiii series of tests 
the males, now nine months of age, were subjected to lelcarning 
tests on the same instruments, which lasted 20 days. All groups 
relearned their tasks readily and no significant diftcrences wcic 
found between the castiated and the contiol groups. 

One year (a few days more or less) aftei completing the fiist ic- 
Icarning tests, all members of the contiol and the casti.itcd gioups 
that were in good health were brought togctlier again foi tlie same 
series of tests Now they were 20 monlhii old, which is the ap¬ 
proximate mid-point of the rat’s life-span (6). In tills, the final 
relenining tests, the authors were on the lookout for long-tiirfc, 
cumulative effects of castration on the learning performance of lats. 
It seemed possible that cumulative effects of castiation, although not 
detectable in the fiist lelearning tests, might manifest themselves 
after the peak of physical vigor had been passed 

1. Animals Retested 

During the one-vear interval between iclearning tests tlie males 
were released in two large rooms, each with floor dimensions of 
180 square feet, where they had freedom to run about and to climb 
from the floor to shelves in the room, but where there was no op- 

This study was financed by a grant from The Coimnittce for Kcsearcli 
T i’ Research Council, and the Thomas WeUon 

Stanford Funds for Psychological Research. The original cxporimciils .uid 
the first relearning tests were conducted by Commins The present tests 
were conducted by Stone and Mr M I Tomilm, his Research Assistant 
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portunity for lecapitulating their maze or discrimination habits 
Many of the animals that completed the original experiments had 
died before the present relearning tests wcie begun Others, be¬ 
cause of pulmonary disorders, emaciation, or general motor decrepi¬ 
tude were eliminated by the experimenters. Only those males that 
weie sleek and free from obvious respiratory disorders were con¬ 
sidered suitable for a rigorous senes of tests such as the present ones 
involved While examining animals and accepting or rejecting them 
for the piesent experiments the experimenter paid no attention to 
the e.umarks by means of which the groups to which they belonged 
might be ascertained. Therefore, prejudice on the part of the ex- 
peiimenter could have played no role whatever in determining which 
animals would undergo the second relearning tests. 

Because of reduced numbeis in the scveial groups, which would 
make difficult any adequate statistical analysis of results, we have 
pooled (1) the data for the 20- and 50-day gioups (they being 
sexually immatuie when castrated), (2) the data for the 90-| 130- 
and 170-day groups (they being sexually mature at the time of 
castration), and (3) the data for the normal and pseudo-castrated 
controls. Although this method of grouping ^ somewhat aibitrary, 
It has the advantage of aftording us an opportunity to compare those 
castrated prloi to sexual maturity with those castrated thereafter, 
as well as an opportunity to compare the castrated animals with 
the non-castrated controls Heieaftei, the males castrated when 20 
and 50 days of age will be called the prematiue castrates {?i~C) 
the 90-, 130-, and 170-day castrates will be called the post-mature 
castrates {Po-C), and the non-castrated and pscudo-castratcd gioups 
will be called the controls [Gits) In Table 1 aie given the oilgi- 
nal numbers of animals in each of the newlv constituted groups, 
the numbei that finished the first relearning scucs, and the number 


TABLE I 

Numdlrs or Rats in Each Group 


Group 

Original 

N 

First re¬ 
learning 

N 

Second re¬ 
learning 

N 

Pr-C 

73 

66 

20 

Po-C 

112 

111 

3+ 

Ctrs 

72 

68 

30 
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completing the present relearning tests. A relatively small nuinbcr 
of cases that began the second rcleaining series but became ill before 
completing it have been discarded. 

Forty-four per cent of the controls that finished the fust relearn¬ 
ing series completed the present tests, whereas only 30 and 31 per 
cent of the premature and the post-matuic castrates, respectively, 
completed these same tests. Since the husbandry of all animals was 
the same during the retention interval, so far as is known, one may 
legitimately suspect that the greatci mortality among the castrates 
was m some way due to the fact that they had suffered the loss of 
testes. 

But a positive conclusion to this effect will not be drawn by us 
because we did not give sufficient attention to the individuals of each 
group to warrant the assumption that all essential external environ¬ 
mental factors actually were the same for tlie normal and castrated 
males. Obviously, when animals are at liberty in a large cage they 
may exercise a considerable degree of choice m determining tlien own 
immediate cnviionments Certainly, therefore, moic crucial data 
than those of the present expeiimcnt should be provided bcfoic one 
would wish to draw the highly significant conclusion that longevity 
m intact male rats significantly exceeds that of castiatcd rats. Never¬ 
theless, there are sufficient grounds for suspecting that tin's is a cor¬ 
rect conclusion to wanant fuithci investigation of this point, 

11. Relearning Tests 

Before beginning the present relearning tests, the males weic as¬ 
sembled in laboratoiy cages (18x18x8 inches) and their food lation 
gradually reduced over a period of two weeks so that eacli male lost 
appioximately 20 per cent of his weight at the beginning, The 
lightest and heaviest rats weighed, respectively, 275 and 496 grams, 
and the average weight was 355 grams. All were relatively fat, 
hence even after a loss of from 50 to 100 grams (the two extremes) 
they were still in excellent condition. During the entire rcleaining 
period their weights were kept at approximately 80 per cent of their 
colony-room weights 

The order of the relearning tests was the same as that of the 
original series, but fewer trials were given in the rcleaining senes 
(cf 1, p. 33). The rats received two trials a day, or 30 trials, on 
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the multiple-!r maze, and simultaneously with these, two trials per 
day on the light-discrimination box Then came two trials a day, 
for ten days, on the elevated-1 maze, and lastly there were two trials 
a day, for five days, on the elevated-2 maze No preliminary train¬ 
ing was given the animals. All were very tame and, of course, one 
year before had mastered these same problems, hence it was thought 
best to begin the regular trials without giving preliminary training 
on the straightaway {cf Commins 1, p. 34), As in all of the 
onginal experiments, some individuals of each group were in tiain- 
ing at all times, lest adventitious factors might affect animals of one 
group but not a similar number of animals of the others, 

III. Similarity of Performance in thb Original Tests 

Although the significant differences between results from the 
original gioups of animals, as reported by Commins (1) were rare 
and distributed unsystematically, it seemed advisable to inquire as to 
whether there might be significant differences between the ontiinal 
error and time scores of the newly constituted groups Sometimes 
a redistribution of individuals so concentrates extieme cases in small 
groups, such as we have to deal with in the present instance, that 
significant differences appear. If there are differences of this kind 
we should be aware of them at the outset because theie would be a 
strong tendency for them to reappear m the relearning senes, since 
original learning and relearning scores of animals usually have a high 
positive relationship (3, 4) 

Table 2 presents the statistical constants for the original gioups 
As can be seen by inspecting the ciitical ratios, there is but one 
clearly significant difference in the table The Pt-C group is 
significantly poorer than cither of the otheis on the elevated-2 maze 
Their mean error score on the eIevatcd-1 maze is also poorer than 
that of either of the other groups, but the difference is of less certain 
statistical significance. Neither group is consistently better or poorer 
in all of the tests than either of the other groups, and this, we be¬ 
lieve, IS the essential point to hold in mind Retracing errors were 
so few m numbers that no consideration to them has been given 

Table 3 presents the comparable time scores for the newly con¬ 
stituted gioups There are no significant differences on any of the 
tests and no gvoup is consistoitly better or worse than another. 
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TABLE 2 

Mfi-INS Oi the Total Numbers oi. Errors from thf Four LrARvjivKj SnuA- 
TioNS IN TUB Original Tfsts 

Also sigmas of the distrsbutions. standard deviations of the means, and 
critical ratios 


Group 

Mean 

SD. 


Po-G 

Ctrs 


Errors on 

the miiltiple-T maze 

Cl itical 

ratios 

Pr-C 

72 6 

28 7 

6 + 

615 

667 

Po-C 

78 2 

37 + 

6 + 


000 


78,2 

301 

55 




Errors on the elevated 1 maxc 



Pr-C 

40 7 

17 8 

3.8 

2 732 

2 000 

Po-C 

29 5 

92 

16 


581 

Ctrs 

31,3 

1+7 

27 




Errors on elevated-2 maAc 

(’tiiirnl 

1 TiTlioS 

Pr-C 

21.7 

122 

25 

1.000 

3 571 

Po-C 

18 8 

89 

15 


3 250 

Ctrs 

123 

6.7 

13 




Errors on 

lieht-discrimination uok 



Pr-C 

28 0 

81 

17 

2 150 

1 773 

Po-C 

23.7 

6.8 

1.1 


222 

Ctra 

24 1 

7,4 

14 





TABLE 3 



Means of the Total Times Spent by Each Group on nil Mas'Js, Sigmas 

or THE Distributions, Standard Deviation oi tup Mi’ans 




AND CRirtcAL Ratios 



Group 

Mean 

SD 


Po-C 

Ctrs 


Time (seconds) on mulripIc-T maze 


ratios 

Pr-C 

744-3 

290 9 

65 0 

1 132 

93+ 

Po-C 

861 8 

472.3 

810 


282 

Ctrs 

832 0 

371.6 

67$ 




Time (seconds) on clevated-1 inAze 

Ciitical riiiKis 

Pr-C 

87+0 

316.2 

67 4 

2,558 

1 799 

Po-C 

689 8 

150 5 

25 4 


1 1+2 

Ctrs 

738 2 

1862 

34.0 




Time (seconds) on elevatcd-2 maze 

Crilicnl ralioH 

Pr-C 

4S2S 

206.0 

43 0 

695 

719 

Po-C 

419 4 

120.2 

20 3 


.091 

Ctrs 

+16 + 

140.0 

26.0 




IV Second Relearning Scores (After onc-ycat intcival) 

Table 4 gives the statistical constants that we have used in com¬ 
paring the erroi scoies of the thre€ groups in tlie picscnl icleainiiig 
senes. Most of the differences in the means are small and aic in the 
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TABLE 4 

Means of the Total Numbers or Errors from the Four Relearning 

Situations 

Sigmas of the distributions, standard deviations of the means, and entvcal 
latios of the differences between means 


Group 

Mean 

SD 


Po-C 

Ctrs 


Eirors on 

the miiltiple-T ma7e 

Critical 

ratios 

Pr-C 

65 8 

25 7 

5,7 

171 

936 

Po-C 

6+6 

23 2 

4,0 


1 +07 

Ctrs 

72 9 

2+3 

44 




Errors on cfevated-1 

maze 

Critical ratios 

Pr-C 

36 6 

13 9 

3 0 

1.486 

118 

Po-C 

31 1 

13 2 

22 


312 

Ctra 

32 1 

128 

2,3 




Ell ora 

on elevated-2 

maze 

Critical ratios 

Pr-C 

17 + 

7,4 

1 5 

1 570 

1 740 

Po-C 

1+5 

5,5 

9 


,256 

Ctrs 

14 2 

5 2 

10 




Eiiora on 

light-discrimination box 

Critical 

ratios 

Pr-C 

18 7 

7,8 

1 6 

3 106 

.660 

Po-C 

13 9 

5 6 

9 


2.329 

Ctra 

174 

65 

12 




same direction as the small difteiences apiieaiing in the oiiguml 
learning senes. As can be seen by inspecting the critical ratios, the 
contiols aic not consistently bettei or worse than eithei of the other 
groups on all of the tests In but one test, light discrimination, are 
there diffciences between means that either are statistically signifi¬ 
cant 01 closely approach significance In this test, the mean error 
score of the post-matuie castiates (Po-C) is lower llian those of the 
picmatuie castiates {Pt-G) and the controls (G/is). Since the 
means of the contiols and the piematuie castrates aie so similar on 
this test, howevei, it appeals doubtful whethei we should attach any 
great significance to this isolated instance of superiority If this 
position IS taken, we may conclude from the data of Table 4 that 
the piesent tests of relearning reveal no beneficial or deleterious ef¬ 
fects of castiation, even when the expeiimental animals have been 
depuved of their gonads for pctiods ranging fiom 13 to 19 months. 

Table 5 presents the compaiable mean time scores foi the three 
groups on the three mazes. In this connection, it may be appropriate 
to say that we do not attach any significance to time scoies as meas¬ 
ures of learning, but report them merely as measures of locomotion 
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TABLE 5 

Means of the Total Times Spent ht Each Group in Rfi.earning on the 
Three Mazes 

Sigmas of the distributions, standard deviations of the means, niid critical 

ratios 


Group 

Mean 

SD 

■^il 

Po-C 

Ctrs 


Tune (secoads) on multiplc-T maTc 

Cnitcal 

ratiua 

Pr-C 

5S7 3 

21S4 

48.2 

.51+ 

.+34 

Pq-C 

5S9.2 

1512 

25.9 


810 


d09 7 

310.5 

567 




Time (seconds) on elcvated-I maze 

Crilicnl 

raiins 

Pf-C 

867.+ 

293 5 

626 

1 312 

.532 

Po-C 

738 6 

199 4 

33 7 


.617 


804 3 

552 7 

100.9 




Time (seconds) on eI<vated-2 maze 

Critical 

1 rntios 

Pr-C 

S199 

180 0 

37 5 

I 962 

1402 

Po-C 

436 1 

1208 

204 


.367 

Ctis 

450 2 

178.6 

326 




under conditions in which thfirc is a high degree of hungci' motiva¬ 
tion. On the elevated maze there js, of course, some call for agility 
because of the narrowness of the treadways. 

As shown by the critical ratios of Table 5, no group was siRnific- 
antly better than another as to mean time scores. In this respect 
the data are consistent with observations of the cvpcrimcntcrs who 
were unable to determine by any animal’s performance whether it 
was a castrated or an intact male. 

V. General Summarv and Interpretation of Our Findings 

Tile groups participating in the original learning and rcicainiiig 
tests were in the prime of life when tested. Some of them h.7(l been 
castrated prior to sexual maturity and others aftei tliis phase of 
sexual development had been reached. Although tlie numheis of 
cases in each of the original groups was greatly reduced prior to the 
second relearning tests, all groups were represented m the final tests. 
By throwing together all of the premature castrates, alt of the post- 
mature castrates, and all of the non-castiatcd animals ivc Iiavc tliree 
groups of sufficient size to warrant comparisons of the mean time and 
error scores. At the beginning of the second relearning tests, the 
surviving males had reached, or possibly passed, the mid-point of 
the normal life-span for rats that are reared and maintained under 
good conditions of husbandry (6). 
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The final conclusions from the three learning and relearning 
situations may be briefly stated Castration at various ages from in* 
fancy to adulthood had no beneficial or deleterious effects on the 
mastery and remastery of a light-discrimmstion problem and three 
different maze patterns. Also, there was no evidence of long-time, 
cumulative effects of castration on relearning scores for these same 
instruments 

Since the data from reliable mazes are usually positively correlated 
(2, 5) there is no reason for believing that lesults differing flora 
the foregoing would have been obtained had mazes of still dif¬ 
ferent patterns been used The light-discrimination apparatus seems 
to measure functions that differ from those measured by the maze 
(2), and, so far as known to the present authors, there are no pub¬ 
lished data which indicate the relationship between various dis¬ 
crimination tasks. That being the case, no generalization from the 
light discrimination data to other discrimination tasks is warranted 
at the present time 

Finally, we may say, further studies of the effects of castration 
should be made by using insight and reasoning problems, which 
probably do not depend upon the same intellectual functions in the 
rat as those tested in the present experiments Although we have 
no positive evidence that insiglit and reasoning piobleitis would yield 
data differing in any essential trend fiom those of the present in¬ 
vestigation, It IS best for the present to regard these as unexplored 
provinces for future investigations. 

VI Conclusions 

1. Male albino rats 20 months of age and castrated at the ages 
of 20, 50, 90, 130, and 170 days were found to equal intact males 
in relearning a light-discnmination problem and three mazes of di¬ 
verse patterns which originally liad been mastered approximately one 
year earlier 

2. The castrated males did not iqipear to differ from the normal 
males in agility or in rate of running m these learning situations 

3 These results, when added to those of the preceding study 
(1), indicate that the testicular secretion is unnecessary for the 
maintenance of such intellectual traits or abilities in rats as are 
measured by the Ught-discrimination problem and by mazes of diverse 
types and patterns. 
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VISUAL DISCRIMINATION IN THE CAT III THE 
RELATIVE EFFECT OF PAIRED AND UNPAIRED 
STIMULI IN THE DISCRIMINATIVE 
BEHAVIOR OF THE CAT*i 

From the Psychological Laboratory of Btoian Vniversily 


Karl U Smith 


I. Introduction 

From the standpoint of physical measurement the environment 
in which animals live must be considered as undergoing constant 
change, a continued alteration which comes about either as a result 
of the movement of the animal itself, or because of external dis¬ 
turbances independent of the action of the organism Only in the most 
general sense can it be said that the environment to which living mam¬ 
mals are subjected after birth is constant and uniform. Yet, m this 
changing environment, the typical adjustment of nil animals to 
standard space commonly exhibits unmistakable constancy and con¬ 
sistency. Because of the limitations placed upon the number of 
responses at the organism’s disposal, it is necessary that these con¬ 
stant, adaptive responses be made to partly novel situations or com¬ 
plexes of stimuli which are quite different in certain objectively 
measurable characteristics 

The question has been raised fiom many standpoints in psychology 
as to the basic factors operating to produce this constancy or transfer 
of response Besides somewhat explanatory naming by teims such 
as “abstiacticn” (Revesz, 17), “conception” (Fields, 1), “genei- 
alization" (Pavlov, 16, Tellier, 24), “induction" (Skinnei, 19), 
“tiansfer of tiaining" (Thorndike, 25), “tiansposition" (Kohler, 
10), “functional equivalence of stimuli" (Lashlcy, 13, Kluver, 8), 
and “constancy of form, color, etc." (Koffka, 9), many supplemen¬ 
tary theories liave been offered to account for this required charac¬ 
teristic of beh.avioi In studies of transfer of training identity of cer- 

*Acccpted for publication by Leonaid Carmichael of the Editorial Board 
and received ii( the Ecliioiial Office, August 20, 1935 

The substance of this paper was presented under the title “The relative 
rate of the cstablishrnent of a disci imination in the cat in ‘paired’ and 
'unpaired' stimulus situations” at the meetings of the American Psychologi¬ 
cal Association, New York, 1934 
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tain autonomous elements in the stimulus situation, or in the neural 
process resulting from stimulatioiii has been offered as a tlieoiy to 
explain the results (Thorndike, 25). In addition, the theories of 
surrogate processes (Hunter, 6) have been employed to account 
lor transfer of response in. complex situations, as, for example, tiiosc 
involved in conditioning experiments (Guthrie, 3), form discrim¬ 
ination (Neet, 15) and various othci conditions (Holt, as quoted 
by Latif, 14) It is assumed by these wiitcrs tiiat a sent of symbolic 
mechanism, or an identity of response-induced stimulation acts to 
bring about constancy of response in situations possessing diffcicnt 
stimulus characteristics. 

In general, however, studies on the discriminative bcliavioi of 
different animals have given rise to a class of thooictical foimvila- 
tions somewhat different from the hypotheses just mentioned These 
studies have involved mainly the training of animals in icsponsc to 
two stimuli of differential characters and thcrcaftci modifying the 
differential stimuli themselves or secondary factors in the situation as 
a whole The results have shown, for the most pait, tliat tile differ¬ 
ential stimuli, or, for that matter, almost any aspect of the situ¬ 
ation, can be changed without bringing about variations in the con¬ 
sistency of the response. This technique is exemplified in experi¬ 
ments on brightness discrimination, in which it has been sliowii tliat 
two pairs of stimuli of different absolute value but of rouglilv 
comparable relative value will elicit, in ^me cases at least, consistent 
differential responses after training has been carried out with only 
one pair. Similar results have been secured in studies of foim, size, 
and many other types of discrimination in various kinds of animals. 

The results of experiments of this sort have been given wide 
interpretation by such writers as Kohler (11), Koffka (9), Lash- 
ley (12, 13), Kluver (8), and others. A basic assumption involved 
in their interpretation of these experiments is tliat in infra-hiiman 
animals such as chimpanzees and chickens a "natural” oi basic form 
of reaction, independent of past training, can be sccuicd. Since, in 
the main, it has been observed that transfer of i espouse is, at 
least in part, correlated with changes in the rehative value of bnglit- 
ness or size stimuli, it has been further directly concluded that 
reaction to relational or configural factors is natural or basic. 

Lashleys (12) formulation of this theory, for example, may be 
summarized by his own statements on the subject. On tlic basis of 
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experiments with differential pattern stimuli, he states, "The com¬ 
mon elements m transfer are not common neurones but common 
ratios of excitation m different neuronic systems. . . The stimulus 
to any reaction above the level of the spinal reflex involves, not the 
excitation of certain definite sensory cells, but the excitation of 
cells m certain ratios, and the response may be given to the ratio, 
even though the particular cells involved have not previously been 
excited in the same way duiing the formation of the habitual re¬ 
action" (pp 476-477). 

The theory of response based upon relational factois has been 
given a new impetus by the experiments and theoiies of ICluvcr (8) 
Extensive experiments with visual, auditory, and weight discrimina¬ 
tion were made by this investigator m which the differential char¬ 
acter, as well as non-differential secondary factors m the situations, 
were changed after the establishment of a response to a particular 
stimulus situation The outcome of the expciiments showed that 
with these various types of discriminative behavior, rather marked 
changes could be made in the relative values of the stimuli, in their 
absolute value, or ici secondary non-differential aspects, without modi¬ 
fying the consistency of the established response Furthermore, the 
dependence of the responses upon a certain limit of change m sec¬ 
ondary non-differential factors was demonstrated. 

Starting out with knowledge of the fact that transfer of response 
takes place from one stimulus situation to other different objective 
circumstances, Kluver (8) assumes that there must be some recog¬ 
nizable identity in the different situations. He maintains that this 
identity is not to be found in the physically measurable characteris¬ 
tics of the situation, and that, therefoie, the animal docs not 
"respond" to the objective conditions. Since the term "stimulus" 
is regarded as the factor which is identical in all of the situations 
and the factor responded to, redefinition of this term is carried out 
along speculative lines. Since Kluver takes for granted that there 
is no possibility that any of the physical properties in the situation 
are identical, he argues that such identity is to be found in the 
"phenomenal experience" of the animal This domain is conceived 
as possessed of "relational properties" apparently natuially organized, 
that are always the same when the same lesponse takes place. In 
consequence of previous assumptions and definitions these properties 
are said to constitute the "stimuli" or the factois directly related to 
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the same consistent response This assumption is tersely stated by 
Kluver himself, as follows* “It must be assumed that the constancy 
of response is dependent upon the existence of such stimulus proper¬ 
ties as makes heterogeneous stimulus constellatioiis idcntihiiblc 

(p 365). 

It is asserted that the means by which the natuic of such phenom¬ 
enal properties can be ascertained is by inference from the experi¬ 
menter’s own experiences and from a knowledge of the animal s 
behavior Accoiding to Kluver (8), there is no evidence “incom¬ 
patible with the hypothesis that the organism in question is reacting 
to something which in my experience appears plicnomcnally as ‘red,’ 
'attractive,’ 'aggressive,’ etc." (p 7) The fact that diffeient phe¬ 
nomenal properties may be present in two different situations, as far 
as the experimenter can judge, and yet not give rise to tlic same re¬ 
sponse by the animal, demands and is given further explanation. 
Thus, as additional assumption is made that it is not only single 
properties, but “properties effective in conjunction with other piopcr- 
ties,” “various kinds of ‘phenomenal togetherness,’’* or “inicidc 
pendence of aspects” which aic the ultimate sensory dctcimin.mts of 
behavior (p 366). 

Another series of experiments related to the general piohlcm of 
transfer of response m discriminative belwvior has involved tlie 
presentation of stimuli so that there is an unequal number of posi¬ 
tive and negative choices for the nnima]. Kluver (S) has also ad¬ 
vanced interpretations as to the basis of transfer of response in such 
“unpaired” situations along with his theories as to why transfer 
takes place when one stimulus is paiicd with another. In !iis experi¬ 
ments he required one monkey, which had been used extensively In 
previous experiments with paired stimuli in visual discrimination, to 
select between one black circle, as positive, and three black squares, 
as negative The animal gave significantly consistent responses dur¬ 
ing the first presentation of thirty trials, as did also an additional 
animal, highly trained in paired stimulus situations, when one black 
square was positive and three black circles weie negative Both 
animals responded consistently thereafter in a “reversed" situation, 
i e, one in which a square was positive where tiirec liad previously 
been negative, and three circles negative, where one had picviously 
been positive Both animals also discriminated consistently in situ¬ 
ations presenting brightness and apparent color dlffcicnccs in the 
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three-tO'One lelation However, in additional tests, involving re¬ 
versed situations of the sort described above, neither animal gave 
consistent responses to the single stimulus, as it had learned to do 
in the primary training, but responded only to a stimulus which was 
positive in the preceding test series An additional subject, untrained 
in discrimination problems, did not respond consistently at first but 
required approximately fifty trials before it could select between one 
black square, as positive, and three white squares, as negative No 
reversals of the stimuli were presented, but the animal did there- 
aftei discriminate between squaies of dififerent brightness and color, 
as well as different weights, when these stimuli were given in the 
thiee-to-one relation. All thiec animals discriminated at once 
between paiied stimuli similar to those used in the primary train¬ 
ing 

Other investigators have repoited limited results bearing on the 
nature of response transfer m complex situations consisting of un¬ 
paired stimuli. Hadley (4), in experiments with size and pattern 
disci imination with the guinca-pig, found that animals leaining three 
choices would transfer to situations involving two choices. Gay- 
ton (2), however, found that rats, trained in hnghtness and size 
discrimination under conditions of two possible choices, at first re¬ 
sponded indiscriminately when three choices were possible Rob¬ 
inson (18), using the monkey, failed to find immediate tiansfer 
in a reversed situation, as did Kluver (8), when one black disc 
was negative and two giay squares positive in the modified conditions 
In the piimary habit, the animal responded to the black disc as posi¬ 
tive, and to the giay squaies as negative In fact, the ability of the 
animal to respond selectively as the two situations were revcised aiose 
giadually in the same way as did the primary habit., Robinson used 
the same method as that employed by Kluvei. 

Explanation of certain phenomena related to his own experiments 
with unpaired stimuli has been offered by Kluvei (8) In his study, 
he describes paired stimuli as “equilibrated" and unpaired stimuli 
as “non-equilibrated” or “strata" stimuli. He attributes the some¬ 
what more rapid rate of initial learning m unpaired situations, as 
based upon the study of a single untrained animal, to the fact that 
these conditions are distmgmsbed by possessing “figure-giound" 
character, wheieas paired stimuli aie said to lack this feature The 
reason why animals transfer readily from one unpaired situation to 
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another ot the same general sort is because the stimuli arc of the 
same “strata.” In summarizing his experiments with the unpaired 
or "non-equilibiatcd” stimuli, the statement is presented that “it is 
impossible to consider the difference between 'cquilibratctl' and 'non- 
equilibrated’ stimuli as nothing but a difference in conditions with 
regard to punishment and reward** (p« 318). It was also held that 
the learning of paired stimuli had no influence upon the performance 
in unpaired situations. 

No attempt was made to resolve the inconsistency in t)io assump¬ 
tions just reviewed and the fact that paired and unpaired stimuli 
were equivalent in giving rise to constant discriminative responses, 
after training had been carried out with cither one or the other, 
which fact, in accordance with the primary assumption made at 
the beginning of the study, would seem to necessitate the conclusion 
that similar “phenomenar properties would be involved in the two 
conditions, 

II. Problems 

Because of certain unsolved questions raised by the studies just sum¬ 
marized, the present experiments were undertaken in an attempt to 
ascertain (1) the relative rate of establishment of n discriininativc 
response in the cat to visual patterns in paired and unpaired stimulus 
situations, (2) the nature of transfer of response between paired 
and unpaired stimuli after training t»s been carried out under both 
conditions, (3) the types of visual patterns which function as sim¬ 
ilar m a four-stimulus situation, after training has been carried out 
with one particular arrangement, and (4) whether or not transfer 
of response can be demonstrated between situations having no differ¬ 
ential relative values m common, viz, between situations involving 
visual pattern differences and those presenting auditory stimulation, 

III. Methods and Procedure 

Complex stimulus conditions for the study of paired and unpaired 
stimuli are obtained by arranging two or more units of a Icvei dis¬ 
crimination apparatus in the manner shown in Figure 1 and dia- 
grammatically represented in Figure 2. This appaiatus, which lias 
been described elsewhere by the writer (Smith, 20, 23), consists of a 
box, 29,2 cnQ long, 27.9 cm. wide, and 33 cm. liigh, painted flat 
black, A door, a wooden frame 1,9 cm, wide, swings inward by 
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FIGURE 1 

Tlic ARR(\!s’t,r\itKr oi iKC Stimuios Boxu tor t«e Study or Tur Discri.m- 
mmoH or Paired \no Unpahud Stimuli 

means of spnngs attached to »ts leai side Its fiont side is fitted 
with gioovrs into which fiosted glass oi Ciiids bcaiinp; vaiious tvpcs 
of visual stinnili may be easily mscited oi icmovecl Inside ilic box, 
ducctiv below the le\el of tlic lowei pait of the dooi, is a shelf foi 
a food plate The clooi of the box is held tightly closed by a small 
spung latch, to which is attached a liiass le\ei, that extends 10 5 cm 
outwaid fioiii the box and tciminates in a biass plate of a size 
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FIGURE 2 

B, stirmilits Iraxe?; C, restrammE taRc, O, Rjhaiu/i'ri lliunuin; 
S, sflutce of (.leciiira] shmlt. 


ample to accoinmocUte the paw of tlw aiiiinah *rim i-it sOLiiies iho 
food (small pieces of salmon) hv <lcpi<sMHf» the Ifvi'i .iiul ihen 
thrusting its head and foicbody thiough the apeituie of the (ipeiu-il 
door Tlie door may be locket! by a rot,uv hitch, jinil imiusliineiu 
may be administeicd by elcctiica! cmiciU led th<* Ici'ci 

and suitable conducting gulls placed m fiont oi tlic ,ipji,natiis, 

T)ie bosTCs ate placed along titc real side of .t t.ihlc, 117 tin hv 
92 cm top surface, and liluminatcd by flood lights susin'iuietl fioin 
the ceilijig directly above the icstiaiiimg cage A second tnldc, 162 
cm by 106 cm top surface, is placed lengthwise aiul cenicicd pei- 
pcncliculaily along the side of the table containing the Ihi\cs Ihith 
tables aie 60 cm. high 

A lestiaining cf^e for the subject, 46 cm. siiu.nt*, conl.iininn 
sliding dooi dji its front side, is located at the opjiositc end (d ihe 
runwa 5 ' tabic The dooi of the cage is contiollcti hv .i siiin^ ltd 
through pulleys to the expciirocntei’b position hcliind .i •'tiecn 
winch IS placed 120 cm from the sides of tlic t.tbic Diiiing c’\ 
penmcntation the animal's movementt. .iie olrscivcd fimii htliiiul ill 
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screen by means of a mirror suspended from the rear wall near 
the restraining cage. Motion pictures of the behavior weie some¬ 
times made during and after training from a position at the back 
of the experimental room. 

The animal is first accustomed to the experimental situation by 
preliminary feeding in one unit of the apparatus Training in de¬ 
pressing tho level is begun when the animal learns to leave the re¬ 
straining cage and go directly to the opened box in order to obtain 
food. If a particular subject is not active, it is held near the lever 
in front of the closed door of the box and its fore paw placed on 
the lever, causing the lever to be depressed and the door to open. 
This procedure is then repeated until the subject is capable of oper¬ 
ating the lever itself. In general, no more than sixty trials are 
required before a response of this soil is thoroughly learned, many 
animals, especially aggressive cats, may learn the trick m as few as 
ten trials. 

When the habit of manipulating the lever is thoioughly mastered) 
training with visual stimuli is begun by presenting two, three, or 
four boxes, depending upon the aspect of the problem to be investi¬ 
gated. Each individual animal is then given a series of twenty trials 
per day, the time of the experiments extending approximately from 
ten o'clock P M to one-thtrty A M 

After a discriminative response by the animal, the expeiimenter 
moved from behind the scieen and returned the cat to the restrain¬ 
ing cage. The tops of the boxes were then opened and fresh pieces 
of salmon placed on the glass plates behind t)ie doors The food 
was handled with a pair of small tweezers in order that no odors 
would attach to the stimulus caids when they were Inscited into or 
removed fiom the doors The appropriate change of stimuli was 
made by removing the exposed caids and shifting their relative 
positions After the change in the positions of the cards, the latches 
locking the doors containing negative figures were rotated, and elec¬ 
trical punishment, when in use, changed to the levers correspond¬ 
ing to the negative stimuli. 

The order of alternation of the stimuli between the boxes was 
arranged with reference to a chance procedure, except m cases where 
persistent position habits were broken by presenting the positive 
stimulus a gieater number of times in one or another of the boxes 
For situations involving paired stimuli, a first senes of alternations 
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was calculated m which there was a possibility of ten rights and 
ten "lefts." This gave an arrangement for ten trials wliich was 
thereafter modified in four different ways. The alternation of the 
stimuli in the unpaired situations was arranged in n similar manner, 
except that the shifts in relative position oHhe figures were made 
with reference to three or tour possible pMitions. 

Determinations of differential bchavioi by this method arc vali¬ 
dated by the procedure used and by means of check experiments 
made after any particular investigation. Extraneous cues are not 
obtainable from the experimenter, since the animal, from the mo¬ 
ment of its release from the restraining cage to the moment of securing 
food, cannot see the experimenter, and itself performs all of tiie 
necessaiy operation of the apparatus. Cues from the manner of 
release from the restraining cage arc held coni>tant since the dooi is 
always raised to the same height and there held until the animal 
completes a response by inserting its head and foic body within the 
aperture of the discrimination apparatus. 

The influence of olfactory cues is controlled by frequently replac¬ 
ing fresh cards for used ones, or by utilizing, in check experiments, 
different sets of stimulus cards consisting of a circle and triangle 
for each door The figures could thus be shifted In position inde¬ 
pendently of the particular cards upon whicii tlicy -were drawn. 
Odors from the food are held constant by always placing fresl) pieces 
of salmon on the glass food-containers before each response. 

The animal cannot respond on the basis of tactual cues and still 
discriminate. In making a response the cat touches only tiic lever 
of the apparatus, and if it comes into contact with tlic lever corre¬ 
sponding to a negative stimulus an error is recorded. Any differ¬ 
ential influences from the electric shock may be ascei tained by check 
experiments in which the shock is eliminated. 

Additional factors, such as the method of handling the animal 
wlien returning it to the restraining cage, the manner of opening 
and closing the doors of the discrimination boxes, the ordei of alter¬ 
nation of the stimuli, etc., are controlled by uniform procedure in 
previous expeiiments (Smith, 21) it has been shown that, with the 
procedure here adopted, these factors are not operative in inniicncing 
the types of differential behavior which may be elicited by the present 
method 
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IV. Results 

1 The Rate of Learning «i Paired and Unpaired Stimulus Siina- 
ttons Nine subjects (Laboratorj' Numbers 8, 9, 10, 11, 12, 13, 
14, 15, .ind 16), which were maintained on a normal diet and under 
regular laboratory conditions, were divided into three different 
groups, of three animals each, for investigation In the first senes 
of experiments discriminative responses to paiied stimuli (one triangle 
and one circle of equal area) were established in three animals (Sub¬ 
jects 8, 9, and 10) Two animals of the second group (Subjects 
11 and 12) learned an unpaired situation involving one triangle 
and two circles of equal area. The third animal of this group (Sub¬ 
ject 13) responded positively to a white card and negatively to two 
black cards. The third group of animals (Subjects 14, 15, and 16) 
responded to one triangle, as positive, and to three circles, as nega¬ 
tive In every case the figures weie approximately 70 square cm 
in area. 

The training of the third group of animals differed from that of 
the other two in that no electrical punishment was employed until 
a significant level of response (75 per cent response to the triangle 
in twenty trials) was exceeded. With the other two groups, the 
shock was introduced after one hundred trials liad been given In 
the case of all three groups an error was reojrded when the animal 
touched a lever corresponding to a circle. 

Tlie learning in situations of this sort may be evaluated on the 
basis of two arbitrary criteria, namely, (1) the number of separate 
trials required to leacli a consistent level of response (a trial in this 
study being defined so as to include all of the responses made after 
the animal is released from the restraining cage and until it obtains 
food), and (2) the number of responses occurring to negative stimuli 
before diffciential behavior nppears A comparison of the results 
with respect to these two criteria is summarized in Table 1, which 
presents the tiial senes in sets of 40 trials, the percentage of incor¬ 
rect trials, and the number of responses to negative stimuli during 
the training The peicentage of incoiiect trials is given in the left 
part of the columns below the numbers designating each subject 

Using a learning ciitejion of 90-per-cent-coirect choices of the tri¬ 
angle in forty tiials, a discrimination between the figures was estab¬ 
lished with fewer trials in the four-stimulus situation (200-320 
trials) than m either the three- or two-stimulus situations. Animals 
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responding to paired stimuli, however, required fewer trials (320- 
520) than did those learning the unpaired stimuli consisting of one 
triangle and two circles In the latter case, not one of the three 
subjects (Subjects 11, 12, 13) reached the required criterion of learn¬ 
ing, although two animals (Subjects 11 and 13) approximated this 
level of response within 200 and 520 trials respectively. Subject 12 
gave differential responses only 45 per cent of the time after approxi¬ 
mately 500 trials 

The greater economy of trials in learning the four-stimulus situa¬ 
tion, as compared to that in the two-stimulus situation, is greatly 
offset by the total number of negative responses made before the habit 
was mastered. With the four stimuli, 252, 276, and 748 responses 
to a circle were recorded for the respective subjects, whereas 152, 
235, and 163 such responses were made by animals learning the 
paired stimuli Furthermore, a greater total number of negative 
responses than were required for mastery in the two-stimulus situa¬ 
tion took place in the three-stimulus situation up to the time when 
the learning criterion was approximated When learning criteria of 
66 6 per cent and 50 per cent arc chosen for animals of the two un¬ 
paired groups (two times chance probability of 33 3 per cent and 
25 per cent respectively), these comparisons, as well as those pointed 
out above, are not materially altered. 

The results arc definite on the point that no clear-cut differences 
exist for the cat in the mastery of paired and unpaired stimulus 
conditions involving differences in visual patterns. The learning 
records of the animals fail to disclose differences in behavior by 
means of which paired and unpaired stimulus situations may be said 
to be qualitatively distinguishable Whereas the latter may give 
somewhat more economical results in teims of number of trials, it 
is far less economical in regard to the number of negative responses 
necessary for the establishment of consistent predictable behavior 
The results here secured with paired stimuli are m agreement with 
data obtained by the writer in a previous study of pattern discrimina¬ 
tion in the cat (Smith, 21) 

2 Tiansfer of Response between Paired and Unpaired Stimuli 
A second series of experiments consisted in presenting a group of 
eight animals (Subjects 8, 9, 10, 11, 12, 13, 14, 15) a number of 
stimuli different from that upon which they had been trained Table 
2 presents the percentage of correct trials for the eight animals dur- 
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TABLE 2 

Percentage of Correct Trials Occurwmg During Response to Different 
Numbbrs op Stimuli* 


Situation 

Subject 


Pour 

stimuli 

% 

Three 

stimuli 

% 

Two 

stimuli 

io 

8 

(Trained 

SO 

70 <10 T) 

90 

9 

on 

79 

90 

90 

10 

2 boxes) 

TO 

SO (10 T) 

90 

11 

(Trnlncd 

90 

S5 

95 

12 

on 


+5 (40 T) 

73 (40 T) 

13 

3 boxes) 

70 

80 

90 

14 

(Trained 

95 

95 

100 

15 

on 

95 

90 

95 

16 

4 boxes) 





•Each trial period consisted of 20 trials except where otherwise indicated 


ing the separate tests carried out. Reference to the table -will show 
that animals trained in response to an unpaired situation gave similar 
responses, without additional practice, to other unpaired, as well as to 
paired situations. Moreover, the subjects which learned the paiied 
situation responded differentially, without further training, to situa¬ 
tions involving one triangle and two circles or one triangle and three 
circles Subject 12, which showed no clear indication of learning 
an unpaired situation, consisting of three stimuli, gave differential re¬ 
sponses when presented with a paired situation. In two additional 
test periods given this animal, the response to the unpaired situation 
improved and discrimination of paired stimuli exceeded 90-per-cent- 
correct response. None of the animals tested failed to show more 
than a chance level of response in any of the test situations, except 
Subject 16. The animals which learned the paired stimuli were 
somewhat infeiior in transferring to the different conditions, as com¬ 
pared to the ability of animals which learned unpaired stimuli 
The responses found could be secured independently of electrical 
punishment, if it had been used as supplementary to the initial train¬ 
ing Subjects 8 and U, trained with electrical punishment, were 
not shocked for a response to the circles during the test periods heie 
summarized. In addition, consistent responses were maintained in 
the test situations by Subjects 9 and 10, even though tlie doors bearing 
the circles were unlocked and the dectrical punishment discontinued 
All animals responded with chance accuracy or less when confronted 
with black cards inserted into the doors of the discrimination boxes. 
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3. Transfer of Response t?i Situations Involving Diffetent Visual 
Patterns Fiom <a previous study (Smith, 22), it is knov^n that after 
an animal has been trained in a situation involving paired figures, 
other figures of different differential and non-diffctential attributes 
(from the standpoint of the experimenter) may be presented without 
modifying the behavior For example, an animal trained in re¬ 
sponse to a ciicle and triangle of equal area will still discriminate 
when the relative and absolute size of the f^ures are changed, when 
the form of one of the figures is modified, or when the triangle is 
rotated 180 degrees Do the ^me phenomena of transfer hold true 
foi an unpaired stimulus situation piescnting pattern differences, and, 
if so, do the modified situations have to be of such nature as to 
maintain the imbalance character of the piimary stimuli^ 

One animal (Subject 15) was used in the experiments, which in¬ 
volved changes m (I) the relative size of the figures, (2) the black- 
white relation between the figutes and the cards, and (3) the form 
of the figuies The arrangement of the four boxes during the experi¬ 
ment was the same as that used m the initial training of the animal 
In Figuie 3 aie presented the training figures (Combination 1) 
and the different sets of test stimuli, numbered in the order in which 
tliev were introduced, as tests, into the experiment. The figures 
employed in the diffeient lest periods consisted of the following 
a standard-size tuatiglc with the brightness lelation between the 
figure and the card reversed, standard-size circles with the bright¬ 
ness relation between the figure and the caul reversed, larger circles 
of 182 4 sq cm area, smaller circles 39 6 sq cm in area, a black 
square 4129 sq. cm m area, a white square 412 9 sq cm in area, 
a black i ectangle 5 08 cm by 15 2 cm , the Iioi izontal arm of a swastika 
of 10 2 cm over-all dimensions and 2 54 cm arm width, a white 
Cl OSS of 10.2 cm arm length and 1 27 aim width, a black cross of 
10 2 cm arm length and 254 cm aim width The arrangement of 
these figures, as they weie presented as tests in the experiment, can 
be understood by reference to the accompanying figure, 

Each test senes consisted of three trials, given consecutively dunng 
two expeiimental periods, no retests with the training figures being 
presented as the experiment progressed. The subject received no 
punishment other than the failure to obtain food for response to one 
of the arbitrarily defined negative stimuli 
The level of lesponse to the tnanf^e by the single subject and the 
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number of trials given during the different test periods is presented 
in Table 3. As sho-wn in the table, inconsistent responses were 
obtained with only two combinations of stimuli, namely, those used 
in Tests 8 and 12, in which the animal pressed the lever corre¬ 
sponding to the white square and the horizontal arm of the swastika. 
At no other time was there any doubt of the efficacy of the figures 
in bringing about differential behavior. From direct observation 
and from moving pictures taken of the behavior during the tests, 
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TABLE 3 

The Number of Trials and the Number or Bcsponsbs to the Triangle in 
Situations Involving Differbni* Visual Patibrns 



Shvtntion 

Number of 
trials 

Number of 
responses to 
triangle 

l. 

Standard triangle, 3 
standard circles. 

20 

19 

2 

Slack triangle, 3 black 
circles 

3 

3 

3. 

Standard triangle, 3 
large circles 

3 

3 

4 

Inverted fiiangic, large 

ciicle, small circle, and standard circle 

3 

3 

S 

Small triangle, large circle, 
small circle, standard circle 

3 

3 

6 

Small triangle, black circle, 
small circle, standard circle. 

3 

3 

1 

Standard triangle, black 
circle, small circle, white square 

3 

3 

8. 

Clack triangle, standard 
circle, black ciicle, white square 

3 

1 

9 

Black- triangle, large circle, 
black square, black rectangle 

3 

3 

10 

Standard triangle, large 

circle, swastika arm, black rectangle 

3 

3 

11 

Standard triangle, white 

cross, swastika arm, black rectangle 

3 

3 

13 

Black triangle, black cross, 
swastika arm, black rectangle 

3 

3 


evidence could be obtained that the cat made its discnmination three 
or four feet m front of the boxes, at which point it would sometimes 
stop, turn Its head fiom box to box, and finally proceed directly to 
tlie triangle. 

It IS clearly evident from the results that the cat’s (liscrimination 
of form IS not a direct function of the relative svse of the figures, noi 
of the paiticular luminosity relations between the figures and their 
backgioiinds, whether in paired or in unpaiied situations In addi¬ 
tion, a great manv different kinds of figures, umelated to either the 
triangle oi the circle, may possibly be said to take on negative signi¬ 
ficance and aie so discriminated when they are intioduced in place 
of one 01 more of the ciicles in the unpaued conditions as desciibed 
above Finally, it may be held with assurance that the combination 
of figures responded to as equivalent in Tests 8-12 do not seem to 
possess any sort of constant interrelations nor any sort of total organi- 
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zation which may be described by the terms, *'non-eqiiilibration” or 
“figure-ground,” as these terms have ordinarily been used by Kluver. 
Indeed, the data bearing upon the presentation of different forms 
show that situations lacking the characteristics implied in the defini¬ 
tions of such terms are just as effective in producing transfer of 
response as are situations distinguished bv “unbalance” and ‘ figure- 
ground” attiibutes. 

4. Transfer of Response between Situations Rreseniing Visual 
and /ludttory Differences The results secured m tests 9-13 in the 
experiments just described surest that constant relational factors 
between differential stimuli are unnecessary in order that immediate 
transfer of response may take place in the discrimination situation 
This possibility may be explicitly tested by presenting a diffeiential 
auditory stimulus to animals which have been trained on paiied and 
unpaired visual forms, thus controlling the factor of relative intensity 
or size, which has existed in previous experiments of this sort (Hun¬ 
ter, 7; Kluvei, 8). The question was theiefoie raised, will ani¬ 
mals, trained in the discrimination between paired and unpaired 
visual patterns, give consistent responses, without further practice, 
to an auditory stimulus within one of the discrimination boxes, when 
nil differential visual clues have been removed ? 

Seven animals (Subjects 8, 9, 10, 11, 13, 14, and 15) weie used 
in the experiment, The first three animals had been employed in 
the experiments with paired visual patterns. Subjects 14 and 15 
had been trained and tested in an unpaired situation consisting of 
four stimuli, while Subject 11 had been similarly trained and tested 
in a situation consisting of three figuies Subject 13 learned a bright¬ 
ness discrimination habit (one white card versus two black cards) 
tn an unpaired situation 

The airangement of the stimulus boxes was similar to that used 
in studies with the paiied stimuli, except that the two boxes wcic 
placed diagonally at the two rear corners of the table, their front 
sides facing the center of the opposite end of the table. A buzzer 
was suspended on the inside of each of the stimulus boxes by means 
of rubber bands stretched between two small standards. The elec¬ 
trical current activating the buzzers was led through a transfoimer 
and a double-throw switch, mounted at the back of the table The 
position of the sound could thus be alternated between the two 
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boxes bj' simply throwing the switch. The intensity of the two 
buzzers was approximately equalized by damping them Gray cards 
of uniform surface, each containing three slits, 10 2 cm. bv 1 3 cm , 
were inserted in the doors of the discrimination boxes With six 
animals (Subjects 8, 10, 11, 13, 14, and 15), which could obtain 
food at the box where the buzzer was not sounding, no electrical 
punishment was employed Subject 9 was requiied to respond to 
the box in which the buzzer was sounding, and received a shock 
for touching the lever on the “silent” box 

Each animal received a senes of 20 or 30 consecutive test trials 
in a single evening, carried out with the usual precautions for the 
control of extraneous cues Aftei the test periods had been given, 
an additional senes of trials in which no auditory stimuli were em¬ 
ployed, was carried out. 

Table 4 summarizes the results obtained with the seven animals 


TABLE 4 

Numher of Trials and the Pfrccntace or Responses to the “Silent” Box 
IN Situations Involving Aoditoiiy Stimuli 


Subject 

Number of 
test trials 

Percentage response 
to “silent” box 

S 

20 

90 

9 

20 

75 

10 

30 

80 

n 

20 

100 

13 

20 

95 

14 

so 

80 

IS 

20 

80 


in the situations studied Reference to the table will show that 
the avoidance response to the buzzer was unequivocally present and 
consistent in all of the animals during the test peiiods. Subject 9, 
even though shocked for a response to the silent box, gave some 
evidence of consistently avoiding the buzzer 
The animals’ behavior in these situations was not dependent upon 
whether paired oi unpaired stimuli were learned during the pre- 
liminaiy training The subjects which were trained m the discrim¬ 
ination of paired stimuli responded as well as those which had learned 
cither of the unpaired situations In this additional respect, there¬ 
fore, no differences are to be found m the nature of response to 
paired and unpaired stimulus situations. 
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The responses observed were not a function of the electrical 
punishment, since six animals received no shock during the test 
periods Nor were other extraneous factors involved m the produc¬ 
tion of the differential behavior. In every case when the auditory 
stimulation was discontinued, the subject failed to give significant 
levels of discriminative response. 

V. St7MIfARY AND DISCUSSION 

The results of the experiments in their entirety may be summarized 
as follows. Learning records of cats trained under three different 
conditions of stimulation failed to disclose sufficient differences in 
order qualitatively to distinguish paired stimuli from unpaired stim¬ 
uli for the three animals in the situations investigated. Under four- 
stimulus conditions fewer trials mav be required for eliciting a dis¬ 
criminative response than in two-stimulus situations, independently 
of the way in which electrical punishment is utilized in the paired 
situations, but this difference Is offset m each case by a greater total 
number of responses to the negative figures. Because of the undeter¬ 
mined factors the three-stimulus conditions appear to be the most 
difficult arrangement used. 

Data obtained from experiments in which paired stimuli were in¬ 
troduced for unpaired, and unpaired for paired stimuli, subsequent 
to the establishment of the initial discrimmative response, are con¬ 
sistent with results obtained in the learning experiments in showing 
that the two situations involve similar "functional properties” in be¬ 
havior. Animals learning unpaired stimuli reacted as well in other 
unpaired or in a paired situation, while those learning paiied stimuli 
gave significantly consistent responses with the unpaired stimuli 
Limited change m the size, position, and luminosity relations of 
the pattern in an unpaired situation did not modify the consistency 
of the responses. These results are similar to those of experiments 
carried out with paired stimuli in a previous study (Smith, 22), 
and demonstiate further the functional similarity of paired and un¬ 
paired stimuli in the behavior of the cat 
Modifications were introduced in a four-stimulus situation by pre¬ 
senting different kinds of figures in the doors of each box, thus 
destroying any "unpaired” or "imbalance” character, in terms of 
number of stimuli, previously existing m the situation (Tests 8-12, 
Plate II), The results arc the same as in the cases where non- 
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differential aspects of the stimuli aie changed. In othei words, the 
four-stimulus situation, when lacking its previous unpaired chaiacter, 
IS quite the same for the aflunal as when it possesses such features 

A situation involving auditory stimuli was responded to consis¬ 
tently by seven animals, no matter whether they had been trained 
with paired or unpaired visual forms (Table 4). 

Two senes of experiments involved the piesentation of situations 
m which the difterential absolute values and the relational chaiac- 
tcristics between the stimuli were entirely diffeient from those upon 
which the animal had been trained (Tests 8-12, Plate II, auditory 
experiments, Table 4). It is evident from Plate II that not only 
are the relational characteristics between figures entirely different 
from those of the tiainmg situation, but also that such features 
differ among the various parts of the situation Moreover, with 
regard to the auditory stimuli, there are no known criteria by which 
it IS possible to judge "no sound" and "triangle” or "sound” and 
"circle” as similar, constant, or identical, whatever may be one’s 
point of view. The physical conditions of the significant stimuli in 
the two cases may thus have nothing in common, either perceptually 
or physically, save m so far as they are related to other aspects of the 
total situation m location, which remains practically the same 

These results are believed to bear upon prior interpretations of 
transfer of response in the following manner. 

Clearly, no support is given to the interpretations of Kluver (8) 
concerning the qualitative distinction between paired stimuli, as 
“equilibrated” or lacking figure-ground character, and unpaired stim¬ 
uli, as "non-equilibrated” or possessing figure-ground character In¬ 
deed, this study not only shows that initial learning in paired and 
unpaired stimulus situations gives rise to few differences in respect 
to a criterion of trials, but also that where greater economy of trials 
can be found m the unpaired situations, this faster rate of learning 
is offset in each case by the greater amount of practice in responding 
to negative stimuli Whether this state of affairs can be found for 
various conditions of stimulation can not be predicted, but with the 
results in the case of pattern discrimination, in which neither the 
positive or negative stimuli seem to have an initial significance for 
the animals, this relation between economy of trials and number of 
negative responses is clearly 'indicated. In the present study the non- 
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equilibrated situation, so-called, did not demonstrate itself to be 
superior in reducing tlie number of trials needed for learning and 
indeed it actually demanded a greater amount of practice in respond¬ 
ing to negative stimuli. The need for Kluver s theoretical assump¬ 
tions IS therefore not evident. 

Moreover, the equivalence of paired .and unpaired stimuli m giving 
rise to immediate transfer of response, a fact inconsistently dealt with 
by Kluver (8) when his primary systematic assumptions are taken 
into consideration, necessitates either the rejection of liis formulations 
centering about the relative functional import of paired and unpaired 
stimuli 01 the bringing up of the piimary postulations themselves for 
examination The failure of inconsistent behavior to appear after a 
four-stimulus situation is so modified as no longei to possess its un¬ 
paired or "non-equiiibrated" character discloses the lack of correlation 
between "non-cquilibration” and transfer of response under the con¬ 
ditions studied. The similar success achieved by cats, trained with 
citlicr paired or unpaired stimuli, to transfer to a new differential 
situ.ation involving an auditory stimulus also points to tlie similarity 
of function in learning paired and unpaired situations Again, the 
idea of “equilibration," as set forth by Kluver, necessitates further 
explanation as to exactly how such situations are ever learned by the 
animal, if the term “equilibration" is to be taken at all literally. 
In addition, the idea of “non-equilibration” represents no more than 
the fact implied in the use of the expression “difference In stimula¬ 
tion," and does not even suggest in what direction an animal will 
respond in a modified situation. In the auditory experiments, here 
reported, it might be expected from Kluver’s analysis of comparable 
conditions in relation to the behavior of the monkey that the animal 
would respond in the direction of the sound, since all other parts ctf 
the expciimcntal situation might have been said to be “homogeneous" 
with reference to that point. All animals consistently avoided that 
point. 

The present experiments offer further evidence as to the exact 
Tolc played bv the relative values of differential stimulus situations 
in controlling transfer of response Specifically, certain experiments 
(Tests 8-12, Figure 3, auditory experiments, Table 4) were devised 
to present a situation such that the differential relational values, as 
compared to those existing during the training period, would be en¬ 
tirely changed. The results show that immediate transfer of re- 
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sponse takes place m the absence of these "common ratios of excita¬ 
tion" which, according to Lashley (12), are the common elements 
in producing constancy of response above the level of spinal reactions 
In othci words, although transfer may be conclatcd in a way with 
what may be Inteipretcd only roughly as common dlfFereatlal stimulus 
ratios, as Hunter (7), for example, found in the case of auditory 
and visual stimulation with rats, there is no concomitant correla¬ 
tion between all cases of the absence of common ratios of excitation 
and transfer of response The results can theiefore be said to have 
an important positive bearing upon the general theoiy of constancy 
In behavior, since thev show directly that factors other than common 
ratios of excitation must be considered as signiBcantlv correlated 
with the presence of transfer of reaction under differing stimulus 
conditions. 

The present writer is not inclined to believe that furtlier under¬ 
standing of the responses found in the present experiments is reached 
by the postulation of different kinds of inherent physical siinilarltv, 
or by circular arguments, by which inhetcnt "perceptual'’ surularitv w 
somehow made the controlling factor m behavior This latter ex¬ 
planation or description, it is believed, has been an illogical charac¬ 
teristic of enily behavioristic, as well as more recent, accounts of 
transfer of leiponse in animals. Rather, the suggestion is made 
that many stimulus factors lelated to the situation as a whole and 
to the past history of the animal must be kept m mind if experiments 
such as those just described are to lead to the scientific prediction of 
behavior 

Of these factois it may be believed that the particular response, 
as heic studied, and its genetic history, is most important in bimg- 
itig about certain phenomena demonstrated in the present experi¬ 
ments Since discriminative beliavior involves activities of avoid¬ 
ance and appioach which have been i elated to all varieties of stim¬ 
ulation in the past history of the animal, the single necessity arises 
that such activity be coordinated with reference to a new setting of 
stimulus circumstances. Tlie capacity foi turning right and left, 
for avoiding such and such a stimulus and approaching (by necessity) 
another difterent complex of exteinal disturbances, is one partly 
developed before biith, and, by its fuither development in relation 
to all vaiieties of stimulation after birth, functions as a large part 
of the normal activity of the animal throughout life. Since theie 
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IS little reason to suppose that a naive animal is being used at the 
start of experiments of this sort, prediction of response must be based 
in part upon the stimuli previously significant in the past hlstorv 
of the animal, as in the case of the results with auditory stimuli, 
cited above The most general statement of the principle by which 
older stimuli are thus incorporated into new combinations of excita¬ 
tion is that of "redintegration” or part-whole substitution. 

Another factor demanding close consideration in experiments with 
tiansfer in behavior is the drive stimulus, the Importance of which 
has been only partly appreciated in the past by investigators in this 
field (Hull, 5). In the first place, the drive stimulus, consisting of 
some internal excitatory condition, aioused directly by the demand 
for food or indirectly by any chance association, determines the fact 
that, during the initial periods of learning In a new total situation, 
almost any stimulus will be responded to (approached) as equiva¬ 
lent, and the greater the drive or hunger, the less selective will be 
the behavior of the animal In the second place, and more impoi- 
tant for the understanding of discriminative behavior as It has been 
here demonstrated, the drive stimulus is responsible for the effective¬ 
ness of cither similar or dissimilar ratios of excitation in behavior 
The forced character of response, insured by the drive stimulus, 
brings it about that reaction takes place in one or another direction, 
irrespective of the general kinds of stimulation presented in the 
discrimination boxes or in the situation as a whole. The fact that 
the organism when hungry must always react, that is, the necessity 
imposed upon it for approaching another source of stimulation when 
avoiding one source, or leaving one source after contact, makes it 
inevitable that changes or differences in stimulation (relations), 
rather than any sort of arbitrarily defined absolute units, take on 
significance It is also inevitable that learning and development 
should proceed with reference to such changes or differences (rela¬ 
tions) in stimulation Selection and consistent discrimination (re¬ 
striction and classification of stimuli into identical and non-identical 
groups), according to the demands of the organism, arise as a result 
of learning and development, which also serve to establish (he direc¬ 
tion of response with reference to such changes and differences im 
stimulation, 
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VI. Conclusions 

1 Learning records of cats trained under three different con¬ 
ditions of stimulation failed to disclose differences of a sort that 
make it possible to distinguish pahed stimuli from unpaired stimuli 
for the animals in the situations investigated A fewer number of 
trials may be requiied for establishing discriminative behavior when 
four stimulus patterns are employed than when eithci three or two 
stimulus patteins are used, but this diffeience is offset in each case 
by a greater total number of responses to negative figures in the 
four-stimulus conditions. 

2 Data obtained from experiments in which paired stimuli were 
intioduced foi unpaired, and unpaiied for paired stimuli, subse¬ 
quent to the establishment of the primary discriminative response, 
sliow tliat the two types of situations involve similar functional prop¬ 
erties in behavior Animals which learn unpaired stimuli react as 
efficiently in other unpaired as well as in paired situations, while 
those which learn paired stimuli give significantly consistent responses 
with unpaired stimuli 

3 Changes were Introduced into a foui-stimulus situation by 
modifying the differential and secondary non-diffieiential aspects of 
the stimulus patterns. The results show that the cat’s discrimina¬ 
tion of visual patterns in such unpaired situations is comparable to 
that observed with paired stimuli in a previous study (Smith, 1934) 

4 Additional evidence as to the similar effects of training with 
paired and unpaired stimuli was secured bv transferring seven ani¬ 
mals to a situation presenting differential auditory stimulation Signi¬ 
ficantly consistent responses weie found in the case of all seven sub¬ 
jects in the new situation, no matter whether training had been carried 
out with paired or unpaired visual patterns 

5 The experiments with the auditory stimuli demonstrate also 
that tiansfei of lesponse may take place between situations presenting 
no common, differential, absolute, or no common, differential, rela¬ 
tive pioperties, when such properties aie defined in either physical or 
peiceptual terms. 

6 The results may be interpreted as being contradictoiy to the 
views that stimulus equivalence and transfer of response depend upon 
the presence of common ratios of neural excitation (Lashley, 1934) 
or upon common peiceptual or phenomenal relations (Gestalt the- 
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ory) alone. Both of these views fa»l to take into proper consideration 
a most fundamental fact in discriminative behavior, viz., the incor¬ 
poration of previously effective modes of stimulation into lesponscs 
reorganized with reference to present stimulus complexes, whether 
or not differential parts of such complexes are related to the formerly 
effective stimulation A more consistent view, which is, in addition, 
based upon empirically known facte about stimulation and behavior, 
IS presented as an account of the transfer of response in situations 
involving dissimilar, as well as roughly similar, relative values of 
stimulation. 
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LA DISCRIMINATION VISUELLE CHEZ LE CHAT III L'EFFET 
RELATIF DE STIMULI MIS EN PAIRES ET DE STIMULI 
SEULS DANS LE COMPORTEMENT DISCRIMINATIF 
DU CHAT 

(R6sum6) 

Un aspect adaptif du comportement est le fait c]ue des formes Cons+ 
qiientes ou constantes de r^ponse peuveiit etre donnees nux stimuli qui 
varient considei ablement dans leurs cnract£nstiques mcsurables ou objec¬ 
tives L’expSrimentation antcricure a montr^ que ce trait du comportement 
des animaux auquel divers auteurs ont donne dea noms dilfcients comme 
“formation des concepts,” “abstraction,” "generalisation,” "induction,” 
"transfert de rentrnmement,” "transposiUon," “equivalnnce fonctionnell des 
stimuli,” et “Constance scnsonelle,” joue un role valiant dans I’ajustement 
de tons Ics animaux vivants ik leurs environs Dans cette etiide-ci, on a 
formulc des expenences pour constatei les factcuis qui consent une telle 
Constance on transfert de la leponse dans le comportement discnnunatif du 
chat dans des situ.ntions de stimuli inis en paires et sculs 
Les notations de I’apprentissage des chats entinines avec des foimes visu- 
elles mises en panes ct seules n’ont montre aucunes differences qui le ren- 
drait possible qualitativemcnt de distmguei lea stimuli mis en paicca et les 
stimuli seiih pour les animaux dans les situations ctudiees Dans des condi¬ 
tions de qiiatre stimuli moms d'epicuves peuvent etre necessaiica pour faire 
vcnir le comportement discriminatif que dans les conditions de deux stimuli, 
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mai8 cette difference est eompens6e dans chaque cas par un phis grand 
nombre total de reponse aux figures negatives. Une situation de stimulus 
seul comprennnt tiois formes viaiiellcs a cte la plus difficile des situations 
employees. 

tes donnees obtenues des experiences oti des stimuli mis en pairca ont 
ete introduits pour les stimuli seuls, et des stimuli geuls pour les stimuli mis 
en paires, subsequent i I’etablissement de la reponsc discriminative primaire, 
montrent que les deux situations comprenneat dea^ proprietes fonctionnelles 
semblabies dans le comporteincnt du chat. Les aniniaux qiii ont appris des 
stimuli seuls ont rcagi nvec le mSme efiicacile6 dana d'antres situations seules 
ou tnises en paires, tandis que ceux qui ont appns des stimuli mis en paircs 
ont donne aussi des reponses constantea d’une fa?on signifiante avec les 
atimuii aenls 

On a introduit des modifications dans une situation de qiiatre stimuli an 
moycn de presenter diverses sortes de figuies au lien des stimuli negatifs 
employes dans I’entratncmcnt. Les resultats montrent q«e la discrimmation 
des formes visuelles par le chat dans de telles situations seuls est comparable 
fi celle observie avec les stimuli mis en paires dans les etudes atitencurea. 

Une situation comprenant dea stimuli auditlfs a etd disci iminee tout de 
suite par sept nnimaux apris que I'entratnement nvoit iti fait avec des 
formes visiicDes. Les animaux entrainds avec des stimuli mis en paires ont 
riagi aussi bien que ceux qui ont appns les formea visuelles en paires. 

Les experiences avec les stimuli aiiditifs montrent aussi que le transfer! 
lie la rdponse peut avoir lieu entre les situations qui ne prdsentent niilles 
propridt^s communes, difFdrentielles, absolues, ni des propridtis communeSi 
diffirentielles, relatives, qiiand de telles propri^t^s sont difinies ou en 
termes physiques on en termes perceptifs. 

On inrerprite que les resultats s'opposcnt & i'opinion que I’dquivnlence 
des stimuli et le transfer! de l.a rdponse dependent de ]a presence de pro- 
portions communes de I’excitation nciirale ou de relations communes 
phenom^nnlea ou perceptives seules. Ou siiggire une vue plus consiquente 
qui rend compte du fait que des caract^nstiquea communes des stimuli 
ne sont pas ndeessaires aux stimuli Equivalents par le fait qu’ils peuvent 
devenlr Equivalents quand ils agissent comme "signes” pour le comportc- 
ment adaptif, qiii depend de I’apprentissage antEneur ou des formes 
fondamentales de rEponsc de I’animal 

Smiph 


GESICHTSUNTERSCHEIDUNG BEI DER KATZE III DIE REL¬ 
ATIVE WIRKUNG DER GEPAARTEN UND UNGEPAARTEN 
REIZE BEI DEM UNTERSCHEIDUNGSVERHALTEN 
DER KATZE 

(Referat) 

_Eine Anp.issung9seite des Verhaltens liegt m der Tatsache. dass liber- 
einstimmende oder fortdauerende Muster der Reaktion den Reiren gegeben 
werden konnten, die in ihren nessbaren oder objektiven Elgcnschaften be- 
tracfitlich vanieren fconnen Vorangehende Expenmentierung hat bev?ieacn, 
dass diese Eigentumlichkeit des Tierverhaltens, die verschiedenerweise von 
verschiedenen Forschem benannt wprde, wic '^Begriffsbildung," "Abstrak- 
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tion,” '‘Verallgememerung,” "Induklion,” "Fahagkeitsiibertragung,” "Um- 
atellung,’' “Fimktionsgeeenwert der Rewe,’* und “Sjnneabeatandigkeit," aich 
zu verschiedenen Giadcn bei der Anpassung alter lebenden Tieie an ihre 
Umgebung bczieht, In der vorllegendcn Untersiichung wiiiden Experlmente 
angestcllt, utrt die Faktoren festrustelleo, die solch eine BcsCandigkeit oder 
tIbeiCrngung der Reaktion in dem Unterscheidungaverhalten der Kntze bei 
gepaarten und ungepaarten Reizsituationen erzeugen 

Die Lernwerte der Kntzen, die mit gepaarten und ungepaarten Gesichts- 
mustern trainierl; wueden, oIFenbarterv fceioe Unterschiede der Art, die 
ermoglichen wiirden, gepanrte Reize von ungepaarten Reizen bei den in den 
Sitliationen iintersuchten Tieren qualitativ zii unterscheiden Bel Vier-Reiz- 
Sltuatioren wiirden wemgei Verauche zur Hervorrufung des Unterschei- 
dnngsverlialtcn ndtig aU bei den Zwei-Reiz-Situationen, aber dieser Untei- 
schied Wild in jedem Fall der grosseien Geaamtzalil der Antworten aiif 
negative Figurcn gcgenubergeatellt Eine ungepaarte Rcizsltuation trut drei 
Gcsichtsmiistern wai die scliwcirigste der angewnndten Situationen. 

Die Ergebnisae von den Esxperimenten, bei denen gepaaite Reize nnst.tte 
ungepaarter, und ungepaarte anstatt gepaarter eingefuhrt >Turdcn, nnclidem 
die crate Unterscheidungareaktion featgeaetzt wurde, beweisen, daas die 
zwei Situationcn Ahniiche Funktiooseigenachaften in denn Verhalten der 
Kntze entbaiten Die Ttere, die ungepaarte Reize Urnten, reagierten genau 
80 wirkaam bei nndeien ungepaarten oder lo gepnnrten Sitiiationen, wnbrend 
dieienigen, die gepaarte Rcizc leinten, gnben auch bedeutsnm uberemstim' 
nieiidc Reaktionen mit <Un itngcpaaiten Reircn. 

Veranderungen warden bei einer Vier>Reiz-$ituation dutch die Darbie- 
tung verschiedencr Arten von Figuren anstatt der negattven Reize, die bei 
der t)bung gebraucht wurden, eingefuhrt Die Ergebnisse zeigen, dass die 
Unter^cheidiing bci der Katze der Gesichtsmuster in solclien ungepsarten 
Situationcn mit der vergleichbar lat, die mit gepaarten Keizen in vorange- 
hctiden Expeumentea beobachtet wurde. 

Eine Situation mit Gehorreizen wurde unmittelbar von siebcn Tieren un- 
terachieden, nachdem die Obung mit Gesichtsmustern ausgefuhrt woiden 
war Die Tieie, die^ mit gepaarten Rcizen trainiert wurden, rcagierten 
genau so gut wic die jenigen, die mit gepaarten Gesichtsmustern lernten 

Die Experimentc mit den Gehorreizen beweisen auch, dass die Obertia- 
gung der Rcaktion zwischen Situationcn stattfinden knnn, die keine gemein- 
'lamen, untcracheidenden, absoiuten, oder keine gemeinsamcn, unterscheiden- 
den, rclativen Eigcnschaften darstellen, wenn solche Eigenschaften m ent- 
wedcr physikalischen oder Wnhmehmunganusdtuckea definicrt weiden 

Die Eigebnisse werden ais der Ansicht widersprcchcnd angesehen, dass 
Reizgleii-hwcit und Obertragung dei Rcaktion von der Anwescnheit dcr 
gemeinsamen Verh.iltnisse der Nervenreizung oder von gcmeinsamen phano- 
mennlen oder Wahmehmungsverkalfnissen altcin abhnngig seien Eine halt- 
barere Ansicht wird voigeschlagen, die die Tatsache cikiait, dass glcich- 
wertige Reize keine gemeinsamen Rcizeigenschaften brauchen, dutch die sic 
gleichwertig werden konnen, wenn sic ah “Zeicheo" fur Anpassungsver- 
halten dienen, die von dem vergangenen Lerncn oder den Grundrcaktiona- 
miistern des Tiers nbhangen 
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COLOR VISION IN WHITE RATS: I. SENSITIVITY TO 

RED* 

From ihi Piychelogknl Laboratory of the V7tivenity of Colorado 


Karl F Muenzinger and Henry Etta Reynolds 


Our general problem was ^o see whether white rats can form 
habits based on a discrimination of differences of wave-lengths. As 
our study progressed we limited ourselves to the difference between 
the red band of the spectrum and gray or a wide region of heterogene¬ 
ous wave-lengtlis. 

Previous experiments on the color vision of white rats have con¬ 
sistently produced negative results (1, 2, 3, 6) with one exception 
(5) Since we shall have occasion in the course of this report to 
refer to methods and results of other experimenters we shall refrain 
at this time from analyzing their work 

General Considerations 

If the white rat possesses color vision at all, previous attacks on 
the problem would lead one to believe that it must be an aspect of 
Its behavior which is extremely difficult to utilize in a discrimination 
habit The question which one will have to bear constantly in 
mind is therefore: What would be the most favorable conditions for 
color vision? We shall list here a number of such conditions which 
we utilized in our experimental procedure. 

1. The perception of color depends on the intensity of the stimu¬ 
lus; below a certain intensity threshold spectral colors become grays. 
It IS possible that this thieshold is rather higli foi the rat We 
used color filters which have the advantage that they permit of com¬ 
bining high intensity with large size. 

2. Bands of homogeneous wave-lengths are not essential to color 
vision in the case of the human eye, which docs not discriminate 
between colors produced by homogeneous wave-lengths and "the same 
colors’’ produced by heterogeneous wave-lengths. The rat’s visual 
processes may be quite different. The most favorable situation 

•Accepted for publication by Carl Murchison of the Editorial Board and 
received m the Editorial OfRce, September 18, 1935 
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would therefore be the one using very homogeneous wave-lengths. 
If theie IS no possibility of constructing an apparatus similar to the 
one described by Yerkes and Watson (7) and if one has no access 
to a spectroscope, it would seem to be safer to use color filters, whose 
transmitted wave bands are known, rather than colored papers whose 
colors may appear to be the same to the human eye but which may 
actually leflect wider bands of wave-lengths. 

3. Since it is so very easy to establish a brightness habit m the 
white rat, the animal should, if possible, be prevented from form¬ 
ing such a habit. Methods should be adopted which might lead to 
a confusion of bnghtness habits Despite the use of such methods 
one siiould constantly suspect the existence of brightness liabits. 
Especially should one refrain from applying the biightness standards 
of the human eye to the situation in which the rats are discriminat¬ 
ing Where a brightness habit would be ruled out in discrimination 
by human subjects such a habit might still opeiate in the case of 
rats As Munn lias pointed out and demonstrated (2, 3) we must 
use the rat’s own behavior to deteimine the brightness values of its 
color stimuli. It is only a method utilizing a knowledge of such 
values that is capable of counteracting a bnghtness discrimination 
habit, or that, m other words, cieates a situation favorable to the 
emergence of a habit based on color discrimination. 

4 Since electric shock may force an animal to attend to cues 
otherwise neglected and since it reduces the time requiied to form 
a discrimination habit by about two-thirds, its use will also contribute 
to make the situation favorable to learning on the basis of color 
vision 

Apparatus and Methods 

The apparatus was a Y-shaped disciimination box shown in Figure 
1. Two l5-watt frosted light bulbs, /j and /21 illuminated the stimu¬ 
lus patches ri and ^ 2 | which appealed on sliding doors made of framed 
frosted glass with the frosted side towards the animal. The color 
stimuli consisted of Wratten gelatin color filters, 4x4 inches, held 
between two pieces of glass of the same size These filters were 
attached to the sliding doors on the side towards the light bulbs. 
Black strips of paper cut the illuminated opening down to 3^4 x 3J4 
inches When no color filter was used this opening provided a 
“gray” stimulus The apparatus was painted lamp black A lid 
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FIGURE 1 


with two heat outlets over the light bulbs covered the light chambers 
and the rest of the apparatus up to the point of choice. 

T^vo Wratten color filters were used, a red {"F") transmitting 
610 nijiA and up, and a green {"S") transmitting 460-600 mfi No 
check was made to see whether these factory specifications were 
accurate The animals were trained red-positive. The green filter 
was used only in the fiist two parts of the experiment while for the 
rest a gray was used instead, that is, the stimulus patch without 
the green color filter. 

In order to change the intensities of these stimuli the light bulbs 
were operated from a rheostat which divided the IlO-voit lighting 
current into ten different voltages as follows’ 

Rheostat point 123456789 10 
Voltage 110 75 67 60 55 SO 45 40 30 0 
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In indicating the Intensities of the stimuli wc shall add the rheostat 
point to the quality Thus icd-1, green-1, and gray-l indicate that 
these qualities weie used with maximum intensities. Green-5 indi¬ 
cates that the current of the light bulb behind the green filter was 
reduced to 55 volts Gray-IO indicates that the bulb was not lighted 
at all Dimming the souice of light by means of a rheostat, though 
convenient, is not an ideal method, its shortcomings may account 
foi the animal’s difficulty in discriminating between red and a giay 
of low intensity since this giay may have contained a largei amount 
of long wave-lengths than the blighter gray 

In the last pait of the expeiunent a milk glass was placed between 
each liglit bulb and the sliding doors in order to decrease the inten¬ 
sities evenly for both stimuli. 

Theie was no flicker photometer available to me asm e the intensi¬ 
ties used A senes of measurements with a Westinghouse "Light- 
metei,” style 838094-D, gave the following values m foot candles 
when tile instiumcnt was placed one mch fiom the stimulus patches; 

Red-1 Gray-1 Gray-9 

Without milk glass I| 50 1 foot candles 

With milk glass 4? 9 foot candles 

Six albino rats of Wistar stiam, six weeks old at the beginning 
of the experiment, were used They wcie motivated by a 23-hour 
fast. The goal in the apparatus consisted of cheese crumbs After 
the daily runs the rats were fed a standard diet for half an hour. 
Punishment for fncoirect lesponses was administered by an alternat¬ 
ing current of 0.11 milliampere, which was obtained from an 1100- 
volt transformer and a resistance of 10 megohms in series with the 
gild. 

Each animal was given ten trials per day during the earlier parts 
of the experiment and 20 trials pei day during the later paits The 
sequence of presenting the positive stimulus was R(ight) L(eft) 
RRLRLRRIx and L'RLDRLRLLR for two series of ten trials 
The expeiiment was carried on in a daik room in which the only 
illumination for the experimenter was a shaded 10-watt bulb. 

The Results 

Part A. As mentioned above, Munn has suggested (2, 3) that 
in animal experiments one must determine brightness values for 
the animal’s eye and not rely on human judgment Following Ins 
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suggestion, we tried to find in fi preliminary experiment a green 
similar in brightness to red-1, Two rats Icained a red-1. green-1 
discrimination without difficulty. When the negative stimulus was 
reduced to green-3 the habit broke down “Breaking down” here 
means a reduction of correctness to somewhere near 50 per cent 
with large variations, it does not mean a persistent 50 per cent 
choice of the positive stimulus 

Pari B, Wc then trained four new rats on red-1 • green-3 After 
80 trials there was some indication of learning m two rats. So we 
decided to counteract the formation of a brightness habit by varying 
the intensities of tlie stimuli in this way: For ten trials we reduced 
the curient of the left light bulb, for the next ten that of the right 
bulb, and so on, while the color stimuli were shifted as before ac¬ 
cording to the pattern of sequences To the human eye the bright¬ 
ness relations between the two stimuli were, red-3 much darker 
than green-1 1 and red-1 almost the same as green-3. After forty 
trials there was definite evidence of learning, at least in two rats; 
the numbers of correct turns for trials 101-120 were 19, 20, IS, 
10 for the four rats respectively. 

We then reduced the brightness another step. For the human 
eje green-4 was now of the same brightness as red-1 Continuing 
with the same method of dimming the left light on one day and the 
right one the next we got the following results* On timls 171-210 
the numbers of correct turns were 36, 37, 35, and 32 for the four 
rats, a high degree of coirectness In a control series we now checked 
foi extraneous cues; For 30 trials wc used no shock, employed 
a new sequence of tuins, and let an assistant handle the rats. The 
correct turns for the 30 trials weie 30, 27, 29, and 28 

ConUnuing, we reduced tlie brightness again For the human 
eye green-5 was now distinctly darker than red-1, wliile green-1 was 
very much brighter than red-5 In tiials 321-370, in addition to the 
controls mentioned in the last paragraph, we shifted the filters with¬ 
out shifting the sliding doors or fiames During these 50 trials the 
correct runs were +6, 45, 49, and 45 Since it was possible that 
the gelatin filters, which were slightly waiped, might have produced 
patterns of lighter and darker color, we substituted red and green 
glass for them. With the right light dimmed to position 5 the cor¬ 
rect turns for the ten trials were ten, ten, ten, eight. 
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Taking these icsults at their face value they would indicate the 
piesence of color vision in the rat They agree well with the results 
of Walton’s expeiiment whcie a similar method of alternately re¬ 
ducing the positive and negative stimulus was used (5). 

Pait C. Although the lecl towards which the animals weie turn¬ 
ing apiieaied to the human eye biightei than a gieen at one time and 
darkei the next time we weie not certain that the same relations 
vvcie true for the lat’s eve Since a fiuther reduction of the bright¬ 
ness of these colois might have turned them into giays foi the ani¬ 
mals we decided to use from now on only ied-1 and vary only the 
biightness of the negative stimulus which from now on was to be 
gray instead of gieen In particular it was oiu aim to see whether 
the rat could choose a red that was paired with a white (full in¬ 
tensity of giay, our grny-1) at one time and a black (light turned 
off) the next time, and whether we could vary the giays from white 
to black without bi caking down the habit. 

In the first ten tiials, 381-390, icd-1 was paned with giay-1, or 
white The coiicct tuins weie ten, ten, ten, nine In the next ten 
trials giay-10, or black, was used with the result that the lats piac- 
tically refused to run Only the first rat completed its ten trials 
mth one coirect tiun, indicating a transposition effect of a bright¬ 
ness-relation habit The animal had learned to go to the darker of 
the two stimuli Evidently green-5 in the former trials, although 
darker than the red-l for the human eye, was brighter for the rat’s 
eye. It is vciy improbable, thciefore, that the rats m our part B 
and in Walton’s similai situation were choosing on the basis of a 
discrimination of wave-lengths These negative results aie m Line 
with those of Munn (3) who used a blue yellow disciimmation 

If gray-10 is darker than red-1 foi the lat’s e 3 '^e there must be a 
gray lying between gray-1 and giay-10 which is equal to ied-1 in 
biightness We decided to find such a gray 

There was no difficulty with Eiay-5, foi 20 trials the coiiect turns 
were 20, 17, 18, and 18 

Slight difficulty was experienced with gray-6, which In the first 
20 trials gave the lesults 1+, 13, 16, and 13; and in the next 20 
tiials 16, 17, 12, and II. 

Going on with gray-7 the first 20 tuals yielded 12, 13, 14, and 
12 correct turns. Further training of 50 trials with gray-7 did 
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not, at this time, improve the rats’ correctness (it did so later). 
We thought we had approached the point where the gray equaled the 
red m brightness, li this weTc so, the next step ought to give us 
pure chance results or even a transposition effect 

With gray-8 the first 20 trials yielded 13, 13, 10, and 9 cor¬ 
rect turns No clear-cut results, at least for two rats. Further ex¬ 
ploration did not produce a consistent 50 per cent choice at any 
point. 

Part D We were now afiaid that we were confirming the rats 
in their biightness habit and in order to break this habit we decided 
to give them 20 trials a day from now on (trial 361) and to use 
a gray bngliter than red-I in one set of ten trials and a darker gray 
in the other set of ten trials. 

For the next 18 days we paired red-1: gray-1 (white) in one set 
of ten trials and red-1 gray-10 (black) m the other set of ten trials 
of the same day, starting alternately with one or the other on differ¬ 
ent days 

With gray-1 as the negative stimulus the rats ran practically with 
a 100 per cent correctness from the start 

On the same days with gray-10 as the negative stimulus there were 
marked individual differences. To our surprise the first two rats 
started with 19 correct turns each in 20 trials, how was this to be 
explained in view of their poor showing with gray-7 and gray-8 just 
above? The last two rats started with five and ten correct turns out 
of 20 trials. But on the ninth and tenth days they also made 19 cor¬ 
rect turns each out of 20 trials with gray-IO From the thirteenth 
to the seventeenth days we used various controls as above in order to 
check for extraneous cues, the result was negative. On the eighteenth 
day normal conditions were used again* with rcd-1 giay-1 there were 
ten, nine, ten, and ten correct turns for ten trials, and with red-1 ;- 
gray-IO, there were ten, ten, nine, and ten correct turns out of 
10 tiials. 

Now we had achieved the aim in which we had failed in part B 
The animals discriminated a red from another stimulus which was at 
times brighter and at times darker than the red. But what did the 
results mean? Only further experimentation could suggest a valid 
explanation 

Part E If the rats were discriminating a rather narrow band of 
wave-lengths (red) from a wide band of heterogeneous wave-lengtlis 
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they should now be able to discriminate a gray of any brightness 
from red We therefoic gave them a set of 20 tiials in whicli the 
grays ranged from gray-1 to gray-lO and were changed every two 
trials That is, giay-I was given the first two trials, gray-2 the 
next two, giay-3 the next two, and so on The correctness was 
high, namely, 20, 19, 18, and 17 correct turns, but five of the six 
errors were made with gray-9. 

The next day, as a further check, we compaied giay-10 with 
gray-9 Gray-10 yielded ten, ten, nine, and ten correct tuins out of 
ten trials and giay-9 yielded eight, seven, six, and four correct turns 
out of ten trials. There was no doubt that gray-9 represented a 
difficult point m the giay seues, but, again, it was not a point that 
gave pure chance results. 

Our next effort was now directed towards a special training of the 
rats with grnv-9. Aftei 110 trials the rats reached a fairly liigh 
efficiency In the last 20 trials (1191-1210) they made 18, 17, 18, 
and 16 coriect turns For several days wc then presented them with 
gray-9 and another giay on the same day without a loss of efficiency. 

As a final test we again gave them 20 trials with all the grays 
in our senes from white to black The results were 19, 18, 19, 
and 19 correct turns, but all five errois weie again made with 
gray-91 Our special training with this gray had not been suffi¬ 
cient to increase their correctness m this situation 

As another test we gave them a series of 20 trials in which gray-9 
alternated with another gray every two trials as follows, gray-5, 
gray-9, gray-6, gray-9, gray-7, gray-9, grav-8, gray-9, gray-10, gray- 
9 The results were 20, 16, 18, and 15 coiiect turns. The eirors 
wcie distiibuCed as follows. The first rat none (color vision?); the 
second rat four crrois on giay-9 out of a possible ten, The third 
rat two eirois on gray-9, and the fourth rat three errors on gray-9, 
one on gray-8, and one on gray-5 

The next day we repeated the same senes and got eight, eight, 
twelve, and six correct turns foi the 20 trials. We felt baffled. Had 
the situation become so difficult that the animals '^gave up’* as a 
dog will “give up” when he has to discriminate between a circle and 
an ellipse that is only slightly different? 

Pdtt F If gray-9 is difficult while gray-l and gray-10 are easy, 
a uniform reduction of the brightness relations should not disturb 
this situation much. Such a reduction was achieved by placing a 
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piece of millc glass between each light bulb and stimulus patch. In 
order to indicate the reduced biightness values we shall add the letter 
"tn' to the designations of the stimuli 

With this new condition the lats had no difficulty when they had 
to disciiminatc red-1/«.gray-l/«, the coiiect turns foi the fust ten 
trials (1241-1250) weie ten, ten, ten, and mne But when they 
faced red-lin • giay-IQw in the next ten trials the correct turns were 
five, seven, eight, and five This black, gray-10/«, was the same as 
the black, or giay-10, used foimcrly, placing an object in the light 
chambei when the light is tuined off should not make any difference 
in the appearance of tlie stimulus patch The animals’ difficulty 
must have anseii through the icductioii of the icci fiom led-t to 
red-b« 

Wc then trained the rats on gray-10/« Each day we piesented 
red-lm gray-IOw for ten trials and the same red with another gray 
for another ten tiials. Theie was no difficulty in the region between 
gray-lwj and gray-5m. After ten days we tiained only with gray- 
hn, gray-8t«, gray-9»i, and gray-lOm, but did not use the last one 
every day as before The result was that during the next 18 days 
the correctness lose with ail of them, with gray-7m and giay-8»i 
very quickly, next with gray-lOwi, but only slightly with giay-9m 
For four moie days we trained with gray-9»j only On the last 20 
trials (1881-1900) the correct turns were 15, 16, 15, and 13, (A 
highei correctness with this gray was achieved later) 

There was an interruption of six weeks after which, for six days, 
we used all giays each dav, and each gray for two successive trials.' 
The first animal made an excellent record again, it made six errors 
in these 120 trials and only one eiroi was wth gray-9w out of a pos¬ 
sible 12 Did this mean coloi vision? (During tlie rest of the 
experiment, for another 550 trials, this animal’s correctness dropped 
below 80 per cent only on four sets of ten trials under the con¬ 
ditions described below ) The second animal made 17 errors m these 
120 trials, four of which were made with gray-97H out of a possible 
12. In 120 trials the third animal made 17 errors, six of winch 
were on gray-97n out of a possible 12. In tOO trials the fourth ani¬ 
mal made 18 criois, five of which weie on gray-9»i out a possible 
ten, 

* We wish to thank Mr. Milford Fletcher for his assistance in the experi¬ 
ment from this point on to (he end 
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For the next 200 trials we used gray-10/« every cUy for one set 
of ten trials and alternately gray-l;n^ giay-8/«. and giay'9?w for the 
other set of ten trials The coriectness was high, seldom under 90 
pei cent for all except grajf'9ni for which it was very vaiiable 

In order to exploie the distribution of the difficulty in the neigli- 
boihood of giay-9m we tapped the rheostat at various points be¬ 
tween positions 8 and 9 and between 9 and 10 The results of 300 
trials showed that the rats had again, reached a fairly high degree 
of acciiiacy in this difficult legion of grays, and that no point could 
be found m this region whcic the disciimination bioke down Dur¬ 
ing the last 20 tiials with each of four different shades the correct 
turns for giay-8^7n'(35 volts) were 19, 20, 18, and 17; for gray- 
9-m, 18, 20, 13, and 18, foi giay-954«» (25 volts), 19, 18, 16, and 
17, for gray-9>^«i (20 volts), 20, 19, 14, and 20. 

On the last two days we again used all giays, each one for two 
successive tiials on each day. The results for the two sets of 20 
trials (2531-2570) were as follows The fiist animal made two 
errois on giav-9vi, the second, one error on gray-8/ny the third, two 
errors on gray-9w, and the fouith, two eirors on gray-8??i^ one on 
gray-7;;i, and one on giay-5/«, each type of ciior out of a possible 4. 
The end was charactenstic of the whole expenment. Perfect dis¬ 
crimination between the led and the two ends of the gray series and 
difficulties with intermediate grays near the dark end. 

Here we broke oft the experiment When we asked Dr Munn 
whetlier lie would care to give our foui rats some tests m his labora¬ 
tory he kindly expressed his willingness to do so FIis lesults are 
presented in the following article (4). We cannot conclude with¬ 
out expressing our giatitudc to him for his inteiest and his labors 
without which we might have hesitated to publish our results 

Summary and Discussion 

In the first two paits of the experinaent, using WraCten color fil¬ 
ters, we found that white rats could learn to disciiminate red and 
green stimuli and that they continued to discriminate correctly even 
if, to the human eye, the red stimulus was alternately darker and 
brighter than the green stimulus. Under such conditions four rats 
achieved a high degree of conectness which would indicate the pres¬ 
ence of a habit based on color disci imination, piovided one assumed 
the rat’s visual processes to be the same as those of the human eye. 
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Conditions 

Fait S 

re<l-l.greet-S 

red-S.gj'een-l 

Part C 
red-I gray*l 
red-ligray-lO 
red-1 ;gray-S 
red'l igcay-8 

Part D 
ted'l gcay-l 
led-ligray-lO 


Fart E 

red-1 tall grays 
red*l gray-S 

grays 

Partf 

red-Jf«:gtay-lin 
red'lHi gray-lOm 

red-lffl'giay-lOw 

red-lffl.gray-9?H 

Interruption of 
six (vecks 


TABLE 1 

SUMkIARY OF BESULTS 

Percentage of coriect 
turns for rots 

1 2 3 4 Tnals Comments 


9+ 

92 

100 

92 

100 

Simulating color vision; 
actually brightness discrimination 

IQO 

10 

IM 

100 

90 

10 

Brightncsa-teiation habit 

100 

95 

95 

90 

20 

No difficulty with light grays 

« 

90 

55 

45 

20 

Difficulty with dark grays 

98 

98 

100 

100 

50 

After training with alternate 

Si 

9( 

100 

92 

50 

senes of gray-l and gray-10 
as negative atimiili on the same 
day; Respms tc abioluif brtfhlm 

100 

95 

90 

85 

20 

5 of the 6 errors on gray-9 

S3 

70 

55 

55 

20 

At beginning of training 

90 

95 

90 

90 

20 

After 120 trials 

95 

90 

95 

95 

20 

5 cirora on gray-9. 

100 

m 

100 

W 

10 

Seduced intensities, 

50 

70 

SO 

SO 

10 

Reversion to brightness-relation habill 

95 

95 

85 

80 

20 

After training with intermedialc 

75 

SO 

75 

65 

20 

grays; response to absolute bright¬ 
ness reestablished, 


Gray-9m more difficult than 
gray-lOM. 


red-lWigray-lOwi 

too 

100 

100 

100 

20 

After 100 trills with grny lO-ni 

red-lni'gray-lfli 

100 

95 

100 

100 

20 

and 100 trials with intermediate 
grays in alternate senes 

red-ln gray-97t 

90 

100 

65 

90 

20 

No break-down at grays between 

rtd-ln‘gray-9>im 

95 

90 

80 

85 

20 

gray-9m and gray-lOwi' 

red-ln gray-9J^ffi 

100 

95 

70 

100 

20 

Response to light wave differenceil 

red-lmiall-grays 

95 

97% 

95 

90 

40 

9 errors, 4 on gray-9w out of 

0 possible 16 
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In part C of the expeiimcnt gray was substituted for green as the 
negative stimulus. The four rats disciimmaterl perfectly led: white; 
but in the case of red* black thicc of them refused to run while one 
showed an almost perfect transposition, that is, it went to the daiker 
of the two stimuli Evidently what had appeared to be a habit 
based on color vision when red and green were used was in fact a 
biightness-ielatioii habit Given this habit there should have been 
a gray with the same brightness as the red. An extended exploration 
did not reveal such a gray, that is, we did not find a gray intermedi¬ 
ate between black and white which if paired with red produced re¬ 
sponses that were 50 per cent correct. 

In pait D we attempted to break the brightness habit of the ani¬ 
mals by using on the same day alternately for ten trials the brightest 
gray and for ten trials the darkest gray of our gray series Marked 
individual differences appeared at first, but in the end all four rats 
cliose led with a high degree of accuiac^ when confronted either 
with red white or with rediblack in alternate series of ten trials. 
We consider this the outstanding result of our experiment. This 
behavior can only be explained by assuming that the original bright¬ 
ness-relation habit had now been replaced by another habit which 
was based either on the response to an absolute degree of brightness 
or on the discrimination between two stimuli one of which was pro¬ 
duced by a nanow band of homogeneous wave-lengths (red) and 
the other by a wide band of heterogeneous wave-lengths (gray) 

In part E we tried to decide which of these two alternatives would 
be the valid explanation, but the answer we got was equivocal, As 
a test wc used on a single day not only the extremes of our gray 
senes but also all intermediate grays Here the animals broke down 
at a single gray, the one nearest to the dark end of our senes If 
wc had omitted this particular gray we might have misjudged our 
results and concluded our experiment at this point.) This be¬ 
havior seemed to indicate the existence of a habit based on a response 
to an absolute brightness 

We then tried to see whether the rats could learn to discriminate 
between the red and the particular gray that had just caused a break¬ 
down of the discrimination A fairly high accuracy was soon estab¬ 
lished at this point, but with considerable daily variations. It is pos¬ 
sible that the rats were now using a habit which was based partly on 
a response to an absolute degree of brightness and partly on a dis¬ 
crimination between red and gray 
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Of course, it is also possible that the particular gray used here -was 
so near the gray represented by the red that the rats had difficulty 
discriminating between them and yet the two were different enough 
that they could get a fairly high accuracy. This explanation would 
exclude the existence of a partial habit based on wave-length dis¬ 
crimination. Yet the results of the next part of the expeiiment, in 
particular our exploration with very slightly different shades of gray 
near the point of greatest difficulty, do not favor such an explanation 

In part F we reduced evenly the brightness values of all stimuli, 
the led as well as the series of grays, with the result that it was 
difficult now for the lats to discriminate between the darkened red 
and the black. Further training, however, produced a high level of 
accuracy again. 

In terms of brightness habits this unexpected difficulty might be 
explained thus Confronted with a darker red the rats fell back 
upon their original biightness-relation habit; this led to perfect re¬ 
sults with red‘white and to difficulties with led black Further 
training, which produced the discrimination red iblack side by side 
with red: white, superimposed a habit based on a response to absolute 
brightness similar to the one seen in part X). 

We now tested the rats on the intermediate grays and found again 
a large zone of difficulty near the black end of the series as m part E. 
Training with grays of this zone increased the correctness of dis¬ 
crimination and it also showed that this gray, which in our series 
was nearest to the black, again presented the gieatest difficulty. Fur¬ 
ther exploration on either side of this particular gray with grays 
only slightly difierent produced no break-down The negative part 
of these results js important: No point was found where discrimina¬ 
tion broke down completely; there was merely a region of optimum 
difficulty 

These results—perfect discrimination between red and the two 
ends of a gray series and imperfect discrimination, but no break¬ 
down, at an intermediate gray—seem to indicate that upon the pri¬ 
mary brightness-relation habit and the secondary absolute-brightness 
habit there w.ns superimposed a weak wave-length discrimination 
habit. It may be added that the results are m several cases due to 
the fact that training produced a discrimination which a first test 
failed to disclose. 
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Conclusion 

White rats choosing a led which is, to the human eye, alternately 
darker and lighter than a gieen do not necessarily exhibit color 
vision. 

Rats can be trained, however, to choose red consistently when con¬ 
fronted alternately with red. white and red * black 

These animals will also leain to choose red when this is paired 
with any gray intermediate between white and black, although they 
will exhibit a reduced acemacy at a gray lying near the black (It 
was not shown whether much prolonged training in this region of 
difliculty would produce perfect accuracy.) It is assumed that the 
rats in this case possess a hieiaichy of disciimination habits consisting 
of a primary brightness-relation habit, a secondary absolute-brightness 
habit, and a weak color-disciimmation habit ^ 
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^\Ve realize better than any crihc may do the unsatisfactoiy character of 
this experiment Our justification for publishing it was the confirmation of 
our results by Dr Munn as reported in the following article (4) and our 
desire to demonstrate certain difficulties of the problem of wave-length dis¬ 
crimination in animals What we have done should be considered an ex¬ 
ploration Only a systematic vaiiation of many factors can elucidate the 
role which color vision—if it exists at all—plays in discrimination habits 
of white rats, 
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Introduction 

This investigation, undertaken at the request of Dr. Muenzinger 
and Miss Reynolds, was primarily for the purpose of checking results 
obtained in the Colorado Laboratory. These results are reported by 
Muenzinger and Reynolds (3) in this journal. 

With the exception of Walton (6), whose findings are regarded 
as equivocal (3, 5), no previous investigator has obtained evidence 
that rats can discriminate red in terms of its wave-length properties. 
In general the method of previous workers (1, 4, 5, 6) has been as 
follows; The rats were trained to discriminate between a red and a 
colorless area. Then the intensity of the colorless area was varied 
through a rather wide range. Under these circumstances discrimina¬ 
tion failed when the brightness of the colorless area approximated 
that of dark gray or black, depending upon the brightness of the red. 
However, as the senior writer has pointed out elsewhere (4), there is 
a chance that the rat, when confronted by stimuli of different bright¬ 
ness as well as color, may respond to brightness (easily discnminable 
by the rat) and not to color as such, even though color discrimina¬ 
tion is possible. If the animals were responding upon the basis of a 
brightness difference from the beginning it is not likely that they 
would be able to transfer immediately to color when the brightness 
difference was eliminated. 

Muenzinger and Reynolds (3) met this difficulty by using a method 
of training which is significantly different from that used by previous 
investigators of color vision. They avoided the possibility of setting 
up a simple brightness discrimination by requiring the rats to dis¬ 
criminate a red area from either a white or black area with which it 
was paired in alternate senes of trials. The red area was paired 
with the white area for ten trials and then with the black area for 

•Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, September 18, 193 S 
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a further senes of ten trifils This was repeated until the animals 
were discriminating the red area from either the black or white areas 
with a high degree of accuracy Such a procedure rendeied impos¬ 
sible a response to the red area as brighter or darker than the color¬ 
less one. When the intensity of the colorless area was varied in ten 
steps from white to black the animals continued to discriminate. At 
only one step, that just before black, did the accuracy fall significantly 
below 100 per cent. At this step the aaniracy was 80 per cent, too 
high to be accounted for by chance factors. The rats were apparent¬ 
ly responding to the red area without depending upon its brightness 
in relation to the steps in the white-black continuum 

The present investigation involves a check on the results of Muen- 
zinger and Reynolds We used a somewhat different apparatus, a 
different intensity of red, more steps in the controls of brightness, and 
a number of additional controls. Some of the rats were sent to us 
by Muenzinger and Reynolds after they had finished experimenting 
with them. Others were obtained from local stock.^ 

Apparatus, Subjects, and Method 

The apparatus was a modification of one used previously by the 
senior author (5). The light box was identical with the one previ¬ 
ously used However, the disci imination box, which is illustrated in 
Figure 1, differed from the previous apparatus in certain important 
respects. The areas to be discriminated were in a vertical position at 
the end of the discrimination chamber rather than on the floor, and 
the doors leading to the food platform were on the outer sides of the 
chamber rather than in the direct path of the rat. 

The appaiatus was constiucted of thiee-ply wood. It was 18 
inches deep at its farther end All partitions extended the full height 
of the box Other important dimensions are shown in the illustra¬ 
tion Black velvet was used to line the interior of the discrimina¬ 
tion box in order that reflection from the floor and walls would be 
minimized. Since we wished to have the entiie floor, as well as the 
walls, covered with velvet, electric shock could not be used as punish* 

‘Four rats were sent from Colorado, but one of these died before training" 
was begun The Colorado rats were trained by the junior author The 
Pittsburgh rats were trained by the senior author, who is also responsible for 
this report 
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The enirsnce box, containing the rat, was placed on the entrance plat¬ 
form, a The rat ran down the ramp, b, inclined at Ifi® with the floor, to¬ 
ward the stimulus patches appearing vertically at e In approaching the 
stimulus patches it ran into the chamber, d, or d' When the chambci en¬ 
tered was that containing the red area the door, /, or f, at the side of the 
chamber opened to admit the rat to the food platform, g The animal was 
returned from this platform to the entrance platform by means of the en¬ 
trance box When the rat entered the chamber containing the colorless 
area the door, c, which was lowered from above, confined it to this chamber 
until it was removed by the experimenter, The rat was transferred by 
hand from the incorrect stimulus chamber to the entrance box The filter 
carrier, h, served to change the £)ters from side to side in a chance order. 
Usually the red filter (Wratten No 29/) was in the center of the earner 
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witK n neutial filter (milk glass) on each side of it The light box, con¬ 
sisted of two chnmbeis each of which contained a 60-watt Mazda daylight 
lamp (matched In intensity by means of a Macbeth Illuminometer) The 
lamps could independently be moved to variable distances from the stimulus 
patches. Light from the light box could enter the clisciimination box only 
through the filters and 2S-square-inch windows of milk glass, one of which 
appeared on each side of the cential partition The entire inside of the 
discrimination box was lined with bUck velvet. The top of the discrimina¬ 
tion chamber from c to h was covered by a sheet of black cardboard All 
doors were manipulated from the front of the apparatus by means of cords 

ment for incoiiect icsponses. Dooi c was closed behind the lat after 
an incorrect response, thus confining the animal to the incorrect 
chamber Dooi c was also used at times in order to prevent retrac¬ 
ing. During the later stages of the experiment, however, its sole 
use was for confining the animal after an incoirect response. The 
doors weie never operated while the animal was making its dis¬ 
crimination 

The 60-watt Mazda daylight lamps used as sources of illumina¬ 
tion were located 29 inches fiom the stimulus patches. They were 
at this distance for both the red and coloiless areas In some parts 
of the eNpenment, as indicated later, the distance of the lamps from 
the stimulus patches was vaiied 

Two openings five inches square were cut in the end of the discrim¬ 
ination chambei, one on each side of the cential partition. Each 
aperture thus foimed was covered with a sheet of milk glass ^ of 
an inch thick No light could enter the discrimination chamber 
except that transmitted by the filteis and these 25-square-inch milk 
glass windows. Red light was obtained by inserting Wratten filter 
No 29/ in the filter carnei between the 60-watt lamp and the vnl\- 
glass window patch The gelatin filter was between two sheets of 
oidinary glass. White light was obtained by placing a piece of 
milk glass in the filter earner This milk glass had a thickness of 
y% of an inch. As measured with a Macbeth Illuminometer, the 
illumination of the white aiea inside the discilmination chamber was 
appioximately .512 apparent foot candles To obtain a black area, 
one of the 60-watt lamps was tuined off In addition, to prevent 
entrance of any light fiom the liglited half of the light box, a sheet 
of black caidboaid was inseited between the light chamber and the 
discrimination box on the side involved. Thioughout the major 
pait of the controls the intensity of the red and the colorless areas 
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was varied by the insertion of sheets of Republic Bond and wax 
paper (having, respectively, reducing values of approximately 40 and 
8 pel cent) in the filter carrier with the other filters. In some in¬ 
stances, as indicated later, the intensity was vaiied bv changes in the 
distance of the 60-watt lamp from the stimulus patch. 

The room in which the expeiiment was carried out adjoined class¬ 
rooms and laboratoiies Unavoidable noises from these sources were 
present while the Colorado rats were being run. This may account 
for some of the difficulty encountered in training some of these ani¬ 
mals and for some of the inconsistency of response during controls 
The rats fiom our own laboratory were run in the early morning 
before classes began During this time the room was very quiet. The 
windows of the room were painted black, thus making it relatively 
light proof 

The subjects were thiee rats from the University of Colorado 
which had already been used in their experiment by Muenzinger and 
Reynolds, and three rats from our own laboratory All were albinos. 
Our rats were between two and three months old at the beginning 
of the experiment. Food consisted of two pieces of Purina Dog 
Chow daily and a few pieces of lettuce once a week. 

After a preliminary period of adaptation to the apparatus and gen¬ 
eral procedure the rats were required to discriminate the red area 
from the white and black areas Ten trials were given with red 
veisus white, the animals being required to select the red area These 
trials were followed, after an interval of a few minutes, by ten trials 
with the red versus the black area, the animals again being required 
to select the red area. The order of presentation of the led versus 
the white and the red versus the black combinations was reversed 
from time to time In all, twenty trials were given daily, ten on 
each combination. After a correct response, winch comprised run¬ 
ning into the chamber containing the red areas as far as the rat’s 
body length, the animal was admitted to the food platform where a 
piece of Dog Chow was available. After an incorrect response, 
which consisted in entering the chamber containing the colorless area 
as far as its body length, the rat was confined for seveial seconds 
The door to the food platform was not opened and the animal was 
removed from the chambei by hand Usually, when thus confined, 
the rat attacked the door to the food platfoim 



DISCRIMINATION OF RED BY WHITE RATS 


77 


Piccautions against the use oi extraneous cues were carefully con- 
trolletl from the beginning Additional controls were earned out at 
appropriate times during the experiment At all times the experi¬ 
menter was hidden fiom the animal's view, the doors were operated 
only after the discrimination had been made, food appeared on both 
food platforms, the animal was conveyed from the food platform or 
the confinement chamber to the entrance of the discrimination box 
by means of a box, the box was placed against the entrance in a uni¬ 
form mannci, botli lamps were an equal distance from the stimulus 
patches, the stimuli weie moved from one side to the other in ac¬ 
cordance with a prearranged random schedule, and the filter carrier 
was moved at each trial whether the position of the stimuli was to 
be clianged or not. Additional contiols instituted later in the experi¬ 
ment involved running the animals with all doors open, having them 
run bv a diffeient operator, and presenting them with stimuli alike 
in appearance although moved as though one were the correct stimu¬ 
lus In this last contiol there was absence of discrimination, show¬ 
ing that the animals had been reacting to the illuminated areas at the 
end of the disci immation chamber rather than to any non-visual cues. 

Results 

Initial Disci innnaiioH of Red from Black end White Rat 4 of 
the Colorado group (referred to throughout this paper as Rat Col. 4} 
reached an accuracy of 100 per cent on the red-white combination 
and 98 per cent on the red-black combination within a total of 200 
trials This degree of accuracy was maintained for 100 further 
trials before controls of brightness were carried out. Neither of the 
other Colorado rats attained a sufficiently high accuracy on both the 
red-white and the red-black combinations to make controls seem 
worthwhile. On the red-black combination neither animal, in a total 
of 400 trials, discriminated with an accuracy much greater than 70 
per cent in 50 trials. On the led-white combination, however, 
both animals attained an accuracy of 84 per cent within the first 100 
trials Then final accuracy on this combination was over 90 per 
cent 

Two Pittsburgh rats which had received no previous training on 
this or other problems learned to discriminate red from white and 
black. Rat I learned to discriminate both combinations at the same 
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time, 300 tiials being jequiied. The final accuracy was over 90 per 
cent in 100 trials Rat 2 learned to disciiminate red fiom black 
before it leained to discriminate red from white On the led-black 
combination it attained an accuracy of 84 per cent in trials 200-300. 
However, an additional 100 trials were icquired before the response 
to the red-white combination was equally accurate. After a total of 
600 trials the accuracy of discrimination, legaidless of the combina¬ 
tion involved, was 94 per cent in 100 trials 

When the animals were tested with red veisus either black or white 
on alternate tiials (instead of series of 10 trials) their accuracy was 
100 per cent m 10 trials each. The Pittsburgh lats were also tested 
witli white and black paired with red in a chance mannei instead of 
on alternate tiials. This did not influence the accuracy of dis¬ 
crimination 

The fact that these rats were disciiminating red fiom cither black 
01 white showed that they were not responding to led as dmhe\ oi 
bu'ghtei than the colorless stimuli.® However, the results did not 
offer indisputable proof of a response to red in terms of Us wave¬ 
length properties Previous rcscaich by Warden and Rowley (7) 
has shown that ring cloves trained in a manner similar to the above 
can respond to what is appaiently absolute brightness In other 
words, they lesponded to the intermediate brightness of three stimuli 
just as these rats discriminated the red area fiom the brighter and 
dniker aicas,^ 

The behavior of our rats may have depended upon color as such or 
may have depended upon (1) the absolute brightness of the red, (2) 
tlie position of the brightness, or (3) avoidance of both black and 

“The quc<ition might arise here as to whether red may not have been 
darker than both the black and ihc white Subsequent contiols showed that 
red possessed a brightness between white and black Out bl.ick was as 
absolute as one could produce, involving, it will be recalled from our descrip¬ 
tion of apparatus, complete darkness of the stimulus compartment A sue 
factoi is of course involved here, the completely dark chamber being com¬ 
pared with another chamber containing a lighted area of 2S square inches 
However, tins difference is taken care of in the controls 

*Thia type of response is not confined to problems involving brightness 
discrimination. Warden and Winslow (8) trained iing doves to respond 
to the intermediate of three aicas which were alike except in size. Like¬ 
wise, McCulloch (2) trained white rats to pull in a 7S-gram tray when U 
was paired, on different trials, with either a 2S-giam oi a 150-gram tiay 
The response was shown to depend upon a combination of relative and abso¬ 
lute factors 



DISCRIMINATION OF RED BY WHITE RATS 


79 


white (or biiglitnesses greatei oi less than the brightness of the red). 
Tlieie IS the possibilitv, also, that the lats were responding upon the 
basis of both absolute and relative cues To test the possibility 
that the animals weie responding to some factor apart from color 
the following contiols weie instituted' 

Control 1 The intensity of the colorless aiea was varied from 
white to black, at fiist in 20 steps, eadi one of which became smaller 
as the black end of the continuum was approached,^ and then m 
smaller steps at a legion legaided as perhaps critical. As already 
indicated, sheets of Republic Bond and’wax papei were used in effect¬ 
ing these variations of intensity Each sheet of Republic Bond re¬ 
duced tlie preceding intensity by approximately 40 per cent, as meas- 
uied with a Macbeth Illummometer. Each sheet of wax paper had 
a icducing value of appioximately 8 pei cent. In the discussion of 
lesults each majoi vaiiation in brightness, involving the insertion of 
a sheet of Republic Bond paper in the filter earner with the milk 
glass, is refened to as a given step. The number of the step indi¬ 
cates the number of sheets of paper used to reduce the intensity of the 
colorless area In the case of a ciitical step the illumination of the 
aica in appaient foot candles is given The results of this contiol are 
indicated in Table 1 

From the table it is apparent that a rather high accuracy of dis¬ 
crimination was maintained thiougliout this biightness control All 
three rats showed a marked degree of hesitation in the vicinity of 
Step 6 (.020 apparent fc.). On Step 6 the Colorado rat at first 
failed to discriminate, but it improved during a total of 90 trials on 
this step so that its average accuracy for these trials was 87 per cent. 
Rat 2 also seemed to be disturbed at this point, making thiee errors 
in the first 10 trials The next 10 trials weie correct. Rat 1 made 
no errors at this step, although moie than usual hesitation was ap¬ 
parent at this and immediately preceding and following steps The 
Coloi.ido rat had difficulty in disciimmating at Steps 10 and 11 Rat 
2 also made moie than the usual numbei of errors at Step 10. For 
no rat, howevei, did the accuracy at this step fall below 80 per cent 
m 20 tiials 

^Smaller steps at the black end were thought desirable since previous 
research (1, +, S, 9) had shown red to have low stimulating value for the 
ral’s eve, being equivalent to dark giav or black. 
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TABLE 1 

Controls Involving Variations in the Intensity of the Colorless Area 

Intensity values 
in steps 

Accuracy of discrirninntion in percentage* 
Rat Col 4 Rat 1 Rat 2 

1 

95(20) 

100(10) 

90(10) 

2 

100(20) 

100(10) 

90(10 

3 

90(30) 

100(10) 

100(10) 

4 

88(35) 

90(10) 


5 

87(40) 


90(10) 

6 

87(90) 

100(10) 

85(20) 

7 

87(30) 

90(10) 

90(20 

8 

87(46) 

100(10) 


9 

86(86) 

90(10) 

90(20) 

10 

87(81) 

90(20) 

80(20) 

11 

87(92) 


90(10) 

12 

95(21) 

90(10) 

100(10) 

13 

94(15) 

90(10) 

100(10) 

14 


100(10) 

100 (10 

IS 

87(15) 


100(10) 

16 


90(20) 

100(10) 

17 


100(10) 

100(10) 

18 


100(10) 

100(10) 

19 



100(10) 

20 

|ll : 


100(10) 


^Figures in parentheses indicate the total number of trials given at this 
step, including retraining trials 


The controls were repeated .with Rat 1, but working from the 
black to the white end of the continuum The results did not differ 
significantly from those shown for this rat m Table 1. 

Step 6, as indicated above, presented unusual difficulty at first, al' 
though all three rats finally discriminated with a high degree of 
accuracy. This step was relativdy dark, its illumination being ap’ 
proximately .020 apparent foot candles. Step 7 had an illumination 
of approximately .012 apparent foot candles The following steps 
were too dark to be measured by means of the Macbeth lUum- 
inometer or any other available instrument. 

We wondered if, and at what step, rats trained to discnminate 
red from white (in accordance with the method of previous investi¬ 
gators) would fail to discriminate when subjected to the above con¬ 
trols. One previously untrained rat, to which we shall refer as 
Rat 3, was given 300 trials on red versus white, its final accuracy 
being 90 per cent in 30 trials. One of the Colorado rats (Rat 1) 
which had failed to discriminate red from white and from black 
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when trained some time before, was now similarly trained on red 
versus white. Its accuracy of discrimination in the last 50 of 100 
trials was 94 per cent. When they were subjected to the controls 
discussed above both rats reached a point where discrimination was 
apparently impossible Rat 3 discriminated red from Steps 1 to 
6 with an accuracy close to 90 per cent. On Step 7, however, its 
accuracy fell to 59 per cent in 80 trials. In the last of these 80 trials 
the accuracy was just as poor as m the beginning. When red was 
lowered in intensity by approximately 40 per cent the accuracy with 
which It was disciiminated from Step 7 increased to 85 per cent in 20 
trials. Wlien the red was returned to normal intensity the accuracy 
again dropped to appioximately 50 per cent. Training was discon¬ 
tinued at this point. A month latei, however, this rat was trained 
again m exactly the same mannei as just discussed. This time, to our 
surpilse, it discriminated red from all of the steps from 1 to 20 
Initially Step 11 appeared to give some difEculty, but the final ac¬ 
curacy at this step was 90 per cent in 20 trials. The Colorado rat 
trained to discriminate red from white faded to discriminate when 
Step 6 was reached Its accuracy at this step was 68 per cent in 
60 trials with no impiovement evident at the end of these trials. 
When tested at Step 7 its accuracy was 45 per cent in 20 trials. At 
Step 8 it discriminated with an accuracy of 50 per cent in 10 trials. 
At Step 9 its response was reversed It went to the colorless in¬ 
stead of to the red area on each of 10 trials Apparently this animal 
was responding to red as darket than the coloiless area until Step 6 
was reached At Steps 6-8 the colorless area and the red area were 
apparently of approximately equal brightness At Step 9, however, 
the colorless area was apparently the darker one. The animal re¬ 
sponded to It as it had formally responded to the red area. 

These results are interesting in the light of the fact that steps in 
the vicinity of 6 and of 10 appeared to oftci unusual difficulty to rats 
trained to discriminate red from either black or white. Since the 
steps in the neighborhood of 6 were relatively large, and perhaps a 
crucial brightness appeared between them, we subdivided Steps 6 
to 8 into ten furthei steps Sheets of wax paper, each of which had 
a reducing value of approximately 8 per cent, were used with the 
sheets of Republic Bond. In reducing value, five of these sheets 
roughly equaled one sheet of Republic Bond. The four rats which 
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had maintained their discrimination thioughout the preceding con* 
trols were given fiom 10 to 20 trials at each of these 10 substeps 
Tile aveiage accuiaci foi each rat on all such steps did not fall below' 
90 pel cent The lowest accuracy at any step was 85 pei cent in 
20 tiials 

If these animals weie responding upon the basis of the brightness 
value of the red area, either absolutely or in lelation to brightnesses in 
the whitC‘black continuum, It appears that they should have failed 
to discriminate at some step m the lange tested Likewise, if they 
were responding negatively to white and to black (or to brightnesses 
greatci and less than that of the red), the animals should have been 
confused by these controls of brightness Although considerable hesi¬ 
tation was appaient at some steps, the accuracy of discrimination 
throughout was significantly greater than could be attributed to any 
chance factors 

Although these controls gave results which amply verified the find¬ 
ings of Muenzinger and Reynolds (3), it was decided that some fur¬ 
ther controls might thiow additional light upon the nature of the dis¬ 
crimination. 

Control 2. The intensity of the red area was varied through a 
wide range while the intensity of the colorless area was held constant 
at what appeared, from the previous results, to be a critical step. 
Steps 6 and 7 weie tested m this way, using the Pittsburgh rats, 1 
and 2. Discrimination was maintained at a high accuracy except 
when the red light was very dim (reduced by means of five sheets 
of Republic Bond) With this low intensity of red the accuracy was 
70 per cent while with all higher intensities it was from 80 to 100 
per cent At the lowest intensity, howcvei, red was very poorly 
saturated and this low saturation, rather than the intensity as such, 
may account for the decreased accuracy of discrimination The 
very high intensities of red, all of which were discriminated with an 
accuracy of over 90 per cent, were produced by moving the 60-watt 
lamp closer to the stimulus patch. 

If the animals were responding to red as to an absolute or as to 
an intermediate brightness they should have failed to discriminate 
when Its intensity was markedly changed; that is, unless all mtensiiies 
of red had such a low brightness value for the rat's eye as to make 
changes tndmumhiable. That at least one of our changes in the in- 
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tensity of red was discnminable to the lat’s eye is suggested by results 
with Rat 3 already discussed under Control 1 It will be recalled 
tliat Rat 3, before it finally learned to respond to red at all intensities 
of the colorless aica, failed to discnminatc the red (at the intensity 
used during training) from Step 7. Its accuracy at Step 7 was 59 
per cent But when the intensity of the icd was leduced about 40 
per cent, the animal’s accuracy increased to 85 per cent The 
accuracy diopped to 50 per cent when the led was leturned to the 
previous intensity 

Conti ol 3. The red was presented with a dlfterent intensity of 
colorless light at each tiial, the intensity to be paiied with it on any 
given trial being selected in a landom fashion While the intensities 
used from time to time covered the range fiom Steps 1 to 20, most of 
tliem weie selected from the middle range (5-15) since it was with¬ 
in this region that apparently critical intensities were located In a 
somewhat similai manner a given intensity of the colorless area, 
selected from the middle legion of intensities, was pancd with a 
different intensity of red at each trial On none of these controls 
did the accuracy of any lat fall below 80 per cent. In most of them 
the accuracy ranged from 90 to 100 per cent 

Heie again, if the animals were reacting to red as to a given abso¬ 
lute or relative biightncss value, or reacting negatively to brightnesses 
gicatei Ol less than that of the led, disciimination should have seri¬ 
ously been disturbed The fact that a high degree of accuiacy was 
maintained on this and preceding controls lends strong support to the 
conclusion that the rats were responding to red m terms of its 
wave-length properties However, a furthei control which seems to 
offer conclusive evidence that brightness was not a factor in the dis¬ 
crimination was instituted 

Control 4 During this control a diflfeient intensity of led was 
paired with a different intensity of coloiless light at each trial, the 
combinations being made up in a random fashion Most of the in¬ 
tensities weie from the middle of the range although we used some 
from each end This control really involves a combination of con¬ 
trols 2 and 3 Undei these conditions the only constant feictoi which 
the animals mi(/hi discriminate was the wave-length propeity (or 
properties) of the red light It is inconceivable that the rat could 
maintain its discrimination throughout this control if it were respond 
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ing to any kind of brightness cue. The Colorado rat discriminated 
with an accuracy of 96 per cent in 50 trials, Rat 1 with an accuracy 
of 90 per cent in 30 trials, Rat 2 with an accuracy of 100 per cent 
in 20 trials, and Rat 3 with an accuracy of 95 per cent in 20 trials. 

Although these results demonstiated that the animals were re¬ 
sponding to wave-length rather than to brightness, they did not 
indicate whether the response was to ? ed or whether it was to some 
more general pioperty associated with any relatively monochromatic 
light as compared with an achromatic one 

That the red light may have possessed some property other than 
Its redness, so to speak, was apparent when an adult, shown by the 
Ishihara test to be red-green blind, discriminated the red area from 
each of 20 intensities of the colorless area These intensities were 
those used in Control 1. The subject reported that the red area 
possessed a "distinctly different quality" which enabled him to dif¬ 
ferentiate.® 

The fact that a red-green blind human subject differentiated be¬ 
tween the red area and all of the intensities of the colorless area 
suggested that a further control might prove enlightening 
Conird 5. If the red light possessed some "quality” other than its 
redness, let us say, perhaps green, blue and yellow lights would possess 
similar "qualities,” these being a function of their relatively mono¬ 
chromatic nature rather than of their precise wave-length. In such 
an event the rat, when presented with white and green, blue or yellow 
light should respond to these colors as equivalent with red.® 

To test this possibility two of the Pittsburgh rats were presented 
with white and, respectively, a different led from that used during 
training (Wratten filter No. 70 substituted for Wratten filter No 
29/), green (Wratten filter No. 74), blue (Wratten filter No. 75) 
and yellow (Wiattcn filter No 73). The intensity of white was 

'One should perhaps emphasize the fact th.nt any difference in the "quality" 
of the two areas must reside in properties of the respective lights and not 
in the surfaces on which these were projected and which served to trans¬ 
mit them Both sheets of milk glass were cut from the same piece Even 
this was not necessary, since the red 'ight was transmitted by one just as 
frequently as by the other With a low intensity of red, the human subject 
had some difficulty At this same intensity, however, the rats discriminated 
with an accuracy of lOO per cent 

*The same results would also occur if the animal were responding nega¬ 
tively to white; but the previous controls had shown that the response was 
positively to the red area 
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that used m original training. The position of the lamp behind the 
colored filters was likewise that used during training with red. Only 
a relatively small number of trials could be used in each test, since 
we did not wish to train the animals to make the new discriminations 
For the same reason all responses were rewarded 

Both rats maintained an accuracy of over 90 per cent when the 
new red was substituted for the red of original training For Rat 1 
green was apparently equivalent with red, since the animal selected 
green 18 times m 20 tiials. This animal also responded to yellow 
8 times out of 10. Rat 3 showed no marked preference for either 
of these colored areas, selecting each 6 times out of 10. Neither rat 
showed a preference for blue. These results seem to indicate, then, 
that for one rat green and yellow were equivalent with red m stimu¬ 
lating value However, when red and green were presented to¬ 
gether for 10 trials, this rat went every time to the red. Hence the 
red and green areas could not have been identical in stimulating 
value ’’ Two other rats also discriminated red from green. Rat 2 
had an accuracy of 90 per cent in 10 trials and Rat 3 an accuracy 
of 100 per cent in 10 trials. When red was paired with yellow, 
Rat 1 failed to discriminate, while both of the other rats went 
with an accuracy of 80 per cent to the red When red was paired 
with blue the accuracy of Rat I was 90 per cent in 10 trials, the 
accuracy of Rat 2 was 73 per cent in 15 trials, and the accuracy of 
Rat 3 was 100 per cent m 10 trials Hence two of the animals were 
apparently discriminating between the red and blue areas® When 
red was paired with yellow, the accuracy manifested by Rat 1 was 
60 per cent, while that manifested by Rats 2 and 3 was 80 per cent 
Ten trials were given each rat. 

’Of course they were probably different in brightness value for the rafa 
eye, but previous controls had shown that the animals were not reacting on 
the basis of any brightness factor 

'We hesitate to say that the animals were discriminating between red and 
blue, as such, because the colors were not equated in brightness value for 
the rat’s eye This is also true of the other color combinations In the 
light of the fact, however, that controls had shown the animals not to be 
discriminating brightness differences there is a strong suggestion that actual 
color discrimination was present Experiments conducted along lines similar 
to chose suggested in a preceding article (S) should prove whether or not 
this suggestion Is correct Walton (£) obtained discrimination between 
red and, cespecuvely, green, blue, and yellow, but the colors were not 
equated in brightness for the rat’s eye, hence his results, like those above, 
are equivocal as evidence for red-green, red-blue, and red-yellow dis¬ 
crimination 
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Although the results of this control are somewhat inconsistent from 
rat to rat and from one color combination to another, it appeals that 
the red area was being discriminated in terms of its peculiar wave¬ 
length instead of in terms of some more general property which might 
appear in any relatively monochiomattc light If the animals were 
responding to the red area in terms of some “quality” characteristic 
of <z«j) relatively monochromatic light they should have failed to 
diffeientiate it from other relatively monochromatic lights 

Summary and Conclusions 

In this investigation, which was undertaken to check results ob¬ 
tained previously by Mucnzlnger and Reynolds (3), white rats were 
trained to discriminate between red light and both white light and 
darkness Red was paired with white and with darkness on alter¬ 
nate sets of trials. After the rats were selecting red with a high 
degree of accuracy, regardless of whether it was paired with white 
light or darkness, several contiols involving variation in the intensity 
of the red and colorless lights were carried out. These controls 
showed that the discrimination was not dependent upon the absolute 
or relative brightness value of the red light and that the rats were 
not responding negatively to white and black, or to brightness 
greater and less than that of the red light It appeared that their 
response was to some property of the red light apart from its bright¬ 
ness value Further controls in which red was paired with other 
relatively monochromatic lights showed that the rats were responding 
to some property peculiar to red rather than to a property which 
might be present in any relatively monochromatic light m comparison 
with an achromatic one 

These results amply verify those of Muenzinger and Reynolds. 

The discrepancy between the results obtained by Muenzinger and 
Reynolds and the results of previous investigators is probably due to 
a difterence in training methods The present method prevented the 
animals from responding to the colored light as darker oi brighter 
than the liglit with which it was paired. 

References 

1. Cowman, T B, i Hamilton, W. F Color blindness in the rat, J. 

Comp Psythol, 193S, 16, 177-181. 

2, McCulloch, T L The selection of the intermediate of a series of 

weights by the white rat. J. Comp Ptychol , 1935, 20, 1-11 



DISCRIMINATION OF RED BY WHITE RATS 


87 


3 MuBNZiNCCR, K F, & Reynolds, H E Color vsion in white rats I. 

Sensitivity to red / Genet. Psychol, 1936» 48, 58-71 

4 MUNN N L An investigation of color vision in the hooded rat / 

Genet Psychol, 1932, 40, 351-362 

5 - Further evidence concerning color blindness in rats J Genet 
Psychol., 1934, 46, 285-302 

6, WALTON, W E Color vision and color preference in the albino rat 

II The experiments and results J Covtp Psychol, 1933, 16, 373- 
39+ 

7 , Warden, C. J, & Rowley, J B The disciimmation of absolute vermt 

relative brightness in the ring dove {Tarior risoritis). J Comp 
Psychol. 1929, 9, 317-332 

g Warden, C J, & WiNSiow, C N The disciimmation of absolute versus 
relative size in the ring dove {Ttitlot usonus) J. Genet Psychol, 
1931, 89, 328-341 

9 Watson, J B., & Watson, MIA study of the responses of rodents to 
monochromatic light. J Anim Dehav, 1911, 3, 1-14 


Universtty of Pittsburgh 
Pittsburgh, Pennsylvania 



A STUDY OF A SOCIAL HIERARCHY IN THE LIZARD, 
ANOUS GAROLINENSIS* 

From the Biologtcal Laboraiones of Harvard University 


LLEwnLLYN Thomas Evans 


It is doubtful if a better species of lizard could be chosen for 
studies of dominance than Anolis carolinensts. It is a very hardy 
animal, lives well in captivitVi and the males fight frequently during 
the sunny days of spring, summer, and fall. It is the latter fact 
which made this study possible.^ 

Dominance has been reported in a few cases among lizards, Zapf 
(10) describes the dominance of one male over other males of the 
same species of Lacerta in the same cage Noble and Bradley (6) 
in a splendid monograph on lizard mating behavior describe the 
same phenomenon among captive Anolis but they state that it occurs 
but.rarely. Fighting and dominance (Evans, 1, 2, 3) occurred dur¬ 
ing the winter months amcmg Anolis carolmensts which were stimu¬ 
lated by injections of sheep pituitary extract (Parke Davis) and of 
human pregnancy urine extract (Parke Davis). If a male that was 
dominating a cage was removed, a second male soon established him¬ 
self in the role of dominance, but only after fighting and defeating 
other challenging males Control males did not respond in this way 
during mid-wintcr. Because of this observed dominance the present 
study was carried out on normal males of Anolis carohnensis to dis- 
covei whether true social hierarchies occur among captive Anolis or 
can be established by experimental means. 

Before describing the material and the very simple technique used, 
it would be well to call attention to certain details in the social 
behavior of lizards in general and Anolis in particular. 

Noble and Bradley (6) list 23 species of lizards of which the males 
are known to fight. And since a complete bibliography of the sub¬ 
ject is included in their paper it is only necessary to refer to it here. 

•Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, June 24, 1935 

wish to thank Professors T Barbour, A B Dawson, G Pincus, and 
W M Wheeler of Harvard UniversiW for their very kind aid and interest 
in connection with this problem 
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It is thus obvious that fighting is a common phenomenon among 
hzaids However, this activity seems to be induced, for the most 
part, by the urge of males to defend particular and restricted ter¬ 
ritories against other males (Noble and Bradley, 6, Wiedemann, 9) 

If a wandering male, A, should chance to linger In the chosen ter¬ 
ritory of male B, a fight ensues, the outcome of which will decide 
which of these two will hold the territory If a female approaches, 
her response to the male ordinarily is passive so she is permitted to 
remain 

A full desciiption of the fighting and mating behavior of Anohs 
has been given by Noble and Bradley (6). It is only necessary to 
mention here that in both sexes a dewlap or fan beneath the lower 
jaw may be extended by the forward movement of a pair of slender 
bones beneath the loose skin In males this extended dewlap 
measures about 3 cm across, but only approximately 0 8 cm on 
females It is red in males, becommg a brilliant scarlet when the 
direct rays of the sun strike it. The body can be flattened laterally 
when the animals aie enraged Even females flatten the body in 
this way, as was observed among castrates Incidentally, castrated 
females weie observed to fight exactly as the males do. Normal 
females rarely fight Males possess a ciest along the nape of the 
neck and back which rises to a height of mm. during fighting 
activity 

The stages which ordinarily occur in fighting are* (1) Both males 
move slowly toward each other while each animal raises its crest and 
flashes its dewlap (not usually to ib fullest extent, at first, however). 
The body is flattened and the animals move sidewise toward each 
other One, usually the resident male, slowly turns green This 
stage is apparently an attempt to impress or frighten. (2) If, after 
repeated circling, strutting, and display of dewlap neitlier gives way, 
they come closer, each attempting to get a position higher than the 
other. Soon they turn their heads toward each other, their mouths 
open wide, and with jaws less than a centimeter apart each attempts 
to bite the snout of the other No actual biting occurs for several 
seconds, but they thrust and withdraw their jaws repeatedly until one 
secures the desired hold on the other’s snout. This may end the 
fight But a persistent challenger will return to snap and bite two 
or tliree times. However, the one that secures the first jaw-hold 
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usually wins (3) The defeated male is chased away and the victor 
takes a prominent position at the top of the cage, flashes his dewlap 
to its fullest extent, and struts back and forth with body flattened. 
Later, he may pursue the defeated male again (4) The dominant 
male usually takes no fuither notice of the other unless the latter 
attempts to approach. A flash of the dewlap is enough to frighten 
the victim away 

It should be particularly emphasized that not a single vocal sound 
IS uttered by either animal during the fight. Often, the only sounds 
to be heard arc those pioduced by the click of teeth when the jaws 
of the two combatants come together, or the rustling of leaves as 
the defeated male retieats This silent mode of fighting seems to 
be characteiistic of the great majority of diurnal lizards In con* 
tinst, the iioctuin.ll lizards, oi geckos, do not utilize blight Colors 
01 special structures as a means of frightening rivals, but fight des- 
pciatcly, frequently to the death Geckos have well developed vocal 
powers and constantly uttei chirps or squeaks in a considerable 
range of pitch, especially during courtship and fighting. 

Materials and Techniques 

Nineteen males of Anolis ctirohnensu were used m the experiments. 
They ranged in weiglit fiom 3.9 grams to 7.5 grams. All but male 
A were sent from Louisiana m February, 1935. A had been kept 
in the laboratory since Fcbiuary, 1934 Figure 1 shows the males 
used m this study 

The siY cages, each two feet high and 18 inches square, were 
covered with bronze screening and were ananged m two tiers of 
three each in a large window with a southern exposure The floor 
of each cage w.is covered with sand and gravel. Blanches, bits of 
bark, and leaf debris were scattered m each cage. 

The animals were wateied bv sprinkling the cages twice daily. 
They were fed daily with adult flesh flies, Tenebrio larvae, and occa¬ 
sionally with spiders. 

Three large aquarium tanks filled with water together with the 
sprinkling of the cages seemed to produce enough humidity to keep 
the animals in good condition. The temperature ranged from 70 to 
80 degrees Fahrenheit 

The experiments extended from March 7 to MaV 13, 1935 
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The technique was as follows With all 19 males in the first ca?e 
t!iey were watched until one male had definitclv become dominant 
by defeating all otlieis who challenged him This male was imme¬ 
diately caught, %veighed, and marked bv clipping oft the distal end 
of a particulai toe (Suctoiial pads on each toe supplement the 
claws so tliat the loss of one oi two claws does not handicap the am- 
mal.) He was then placed in Cage 2, and was legistered as male J. 
The second male to become dominant was registeied as the third 
as G, and so with all 19 amraals. As wion as two oi moic were 
placed in Cage 2, fights occuned, establishing doininaiicc in that 
cage Tlic dominant male of Cage 2 uas then placed m Cage 3 
'I'hus, It continued until all of the si\ cages had been occupied by 
each of the 19 animals tn tuin (with a few exceptions which will 
be discussed latei). 

Cage 3 contained, bcbidca the male Anolts, sevcial castiatcd female 
Attabs and a vaiiahlc numbci of Scelopeiui undulatus of both sexes 
Cage 4 contained, in addition to the male Anobs, thiee geckos 
{Gyii}iiodficty}ui. ko/schyt), while Cage 5 also contained tluec geckos 
{Hemidactybts iutciciis) These geckos, Sceloperus, and castrated 
females in no way destioyeil the dominance pattern. The customary 
fights took place in each cage icgaidless of the other species present. 
The tivals often ciawled ovei the Sceloperus in Cage 3 while going 
through then fighting niancuveis. When tlvs happened, no notice 
was taken of the Sceloperus In fact, a male in combat never took 
Ins eyes oft his opponent foi an instant When shifting his position 
he pushed one leg out, gioping for a foothold, then slowly extended 
the othei, feeling his way along 

Each cage was numbered, from one to six The following. Table 
I, shows the lank of each male in ea-'h cage together with the date 
and hour when each male became dommant 

Table 2 shoavs the weight of each animal when he was marked 
and registered after becoming domimint for the fust time, and the 
weight of eacli again, May 8, a few daj's before the experiment was 
concluded In Table 3, nine witnesses are rccoided with the date 
of the particular combat observed, the victorious male, and the cage 
number. 

Because of the difficulty of photogiaphmg the males in action 
without altering the conditions of the expeument, I felt it was im- 
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The Date of Domimance of Each Male im Each Cage 
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Cage 
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Cage 

/J 

March 

7 


A 

March 

20 

B 

March 

9 

10.30 a m. 

fi 

March 

21 

c 

March 

16 

2 00 pm 

C 

March 

22 

D 

March 

19 

3,00 p.m. 

F 

March 

30 

E 

March 

20 

1 30 pm 

D 

March 

31 

F 

March 

22 

a m 

G 

March 

31 

G 

March 

25 

12 00 

II 

April 

3 

II 

March 

27 

3.00 pm 

J 

April 

3 

I 

March 

27 

3:30 p m 

I 

April 

3 

j 

Maich 

23 

B m 

K 

April 

4 

K 

March 

29 

11 >00 a m. 

M 

April 

5 

L 

March 

29 

11 30 a.m 

L 

ApJil 

6 

M 

March 

30 

11-00 am 

0 

Apiil 

14 

N 

April 

3 

10 20 a m 

N 

April 

Id 





P 

April 

18 





0 

April 

20 





R 

April 

25 





S 

April 

28 





E 

April 

30 
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Cage 

3 

A 

March 

31 

A 

March 

29 

1-30 pm 

B 

April 

3 

B 

March 

31 

12 10 pm 

C 

Apnl 

4 

C 

April 

3 

9 1$ a m 

D 

April 

4 

D 

April 

3 

11 10 a m 

F 

April 

5 

F 

April 

4 

10.30 a m 

G 

April 

6 

G 

April 

4 

11.30 am 

H 

April 

11 

H 

April 

6 

9 45 a m 

L 

April 

14 

L 

April 

11 

8 30 a m 

J 

Apiil 

14 

I 

April 

11 

8 55 a m 

0 

Apnl 

IS 

J 

April 

11 

9 00 a.m 

I 

April 

16 

M 

April 

11 

9 40 8 m 

K 

Apnl 

13 

0 

April 

IS 

11 00 am 

Q 

April 

20 

K 

April 

18 

10 20 am 

M 

April 

25 

Q 

April 

20 

9 45 a m 

P 

April 

23 

R 

Apiil 

25 

10 40 a m. 

E 

May 

5 

P 

April 

25 

3 40 p.m 

R 

May 

9 

E 

May 

5 

11.45 a m. 
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Cage 

5 

A 

April 

11 

A 

April 

3 

11 20 am 

D 

April 

14 

B 

April 

4 

11 00 am 

H 

April 

IS 

H 

April 

11 

8 55 a ni 

D 

April 

16 

C 

April 

14 

12 15 pm 

C 

April 

18 

D 

April 

15 

10 30 am 

E 

April 

18 

G 

April 

15 
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i 

April 

28 

L 

April 

U 

1 lOO p m. 

G 

April 

IS 

F 

April 

IS 

10 40 am 

Q 

April 

22 

J 

April 

IS 

10 50 a.m 

J 

April 

22 

0 

April 

20 

10>45 am. 

K 

April 

25 

I 

April 

22 
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1 

April 

26 

K 

April 

23 
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M 
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3 

M 
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26 
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P 
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9 

P 

May 

1 

3.40 p m. 

0 
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11 

R 
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9 

10 33 am 

E 
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13 
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I 30 p.m. 
10 00 am 

10 40 a m 

11 30 am 

12 15 p m. 

I 30 p.m 
10 15 a.m. 

10 30 am 

11 00 a.m 

11 00 am 
10 40 am 
12‘00 a m, 
1130 am 
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lO'lO am 

9 00 a m 

10 20 a m. 
12 00 a.m 
11:00 a m. 
4 

11:00 a.m. 

II >25 am. 
11:00 B m 

11 30 am 

I 00 p m 

10 00 B.m, 

8 40 a m 

II 45 a m. 

11 55 am 

11 15 am 

10 00 am 
10.25 a.m. 
10 00 am 
10 45 am 
12>2S pm. 

3 >50 a.m 

10 30 am 
6 

12 00 

12 15 p.m. 

11 00 Q m 
10 15 am 

9 15am 
10 ‘53 n m 

1 05 p m 

I 05 p in 
10 15 am 

10 15 am 
9 25 a m 
9 55 a m 

4 00 p m 

II 45 a.m 

11 30 am 
10.00 n m. 
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TABLE 2 

each Male is Designated by a Letter in Column I, Column 2 Indicates 
THE Weight of Each When He First Became Dominant; Column 3 
Indicates the Weights When They Became Dominant in Cage 6 


A 

75 

64 

B 

68 

75 

C 

58 

60 

D 

63 

60 

E 

SO 

53 

F 

55 

5 5 

G 

61 

6 2 

H 

63 

65 

I 

51 

56 

J 

45 

4.5 

K 

47 

4.5 

L 

47 

49 

M 

SO 

47 

N 

3 9 

2 25 

0 

5.5 

6,1 

P 

4,7 

46 

Q 

56 

43 

R 

44 

43 

S 

48 

45 


portant to have some of mv colleagues at Harvard witness the com¬ 
bats of the males in at least a few cases. I, therefore, wish to thank 
the witnesses, Miss Alice Beale, Mr L. A Hansborough, Miss G. 
Hermes, Mr. L. H Klemholtz, Mr. B Renshaw, Mr. G L Wood- 


TABLE 3 
Witnesses 


Hansborough, 

L A 

Cage 2 

Animal H 

April 

3 

Kleinholtz, L 

H. 

Cage 2 

Animal K 

April 

4 

Woodside, G 

L 

Cage 5 

Animal H 

April 

11 

Kleinholtz, L 

H. 

Cage S 

Animal C 

April 

15 

Renshaw, B, 


Cage 5 

Animal G 

April 

15 

Hoadley, L 
Hermes, G. 


Cage 6 

Animal Q 

April 

22 

Beale, A 


Cage 6 

Animal K 

April 

26 

Renshaw, B 


Cage 6 

Animal / 

May 

1 
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side, and Professor Leigii Hoadley, for their patience and interest 
in the problem 

Because of low dominance capacity on the part of a few males, 
especially these designated »s £, R. S, and N, only 14 males of the 
19 performed in all six cages Fifteen went through the last five 
cages. After N had become dominant and was removed to Cage 2, 
no further fights were observed to take place to decide the supremacy 
of the cage among 0, P, Q, R, and S. After waiting ten days these 
five males were placed in Cage 2. Table 1, as well as Figures 2 to 



FIGURE 2 

The Order in Which the Males Became Dominant in Cage 1 Plotted 
AGAINST Weight 

Males 0, P, Q, R, and S failed to dominate 

7 show that P and Q dominated nt one time or another in the last 
five cages. R dominated in his turn only in Cages 2, 3, and 4, while 
S only dominated in Cage 2 E, as the figures indicate, dropped 
down the scale from fifth place in Cage 1 to the nineteenth place in 
Cage 2 and thereafter did not stand higher than fifteenth place in 
any cage 0 was dominant m Cages 2, 3, 4, and 6 None of the 
three males 0, R, and S showed dominance in Cage 5 after several 
days’ residence They were placed, therefore, in Cage 6. 
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FIGURE 4 

The Order in Wuicii the Males Became Dominant in Cage 3 Plotted 
AGAINST Weight 

Mnks W and S (ailed to dominate 
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FIGURE 6 

The Order in Which the Males Became Dominant in Cage S Plotted 
Against Weight 

Males A^, 0, R, aad S failed to dominate 
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FIGURE 7 

The Order in Which the Malbe Became Dominant in Cage 6 Plotted 
AGAINST Weight 

Mules N, R, and $ failed to dominate 

By li&ting the males m order of dominance horizontally, and their 
weight in grams vertically for each of the six cages, we have the con¬ 
dition shown graphically in Figures 2 to 7, In spite of considerable 
irregularities in these six graphs there is a marked indication that the 
order or scale of dominance is correlated with the weight of the males 
taking part. The heavier males stand at the higher end of the scale 
and the lighter males at the lower end. 

Figure 8 gives the result of combining these six graphs into one. 
It shows at a glance the performance (the position held) of each 
male in each cage plotted against the average weight of the males 
which occupied each of the nineteen positions m the scale of domi¬ 
nance This figure indicates that dominance and weight are definitely 
correlated when the entire 98 combats are considered as a unit. 

Closer study shows that Figure 8 is divided quite definitely into 
four categories: 

I. Composed of animals A, B 
II. Composed of animals C, D, F, G, H, L 

III, Composed of animals I, J, K, L, M, 0, Q 

IV. Composed of animals F, N, P, Q, R, S 



FIGURE 8 

The Close Correlatioh Betwebi^ Order of Dominance and Wbioiit oc 
19 Males of Anolts c(iioline»tu 

The 19 points on the graph were found by taking the average of the weights 
of the males which ate listed in the vertical column beneath each point 
Note that the order of dominance for each of the six cages is given if the 
letters ere read horizontally. The four categories ere labelled and show 
males A, B, C, D, F, G, H, and L ranked m I and II, or highest in domi¬ 
nance, and averaging 6 12 grams, males /, J, K, M, and 0 ranked in III, or 
intermediate in dominance, and averaging 4 grams, males E, N, P, Q, 
R, and S ranked m IV, or lowest in dominance, and averaging 4 73 grams 


Obviously, then, animals in categories I and II arc ranked high 
in dominance, the animals in IV are low in dominance, while those 
in category III stand intermediate A grading system was adopted 
to discover just how each animal stood m rank. If an animal kept 
the rank which he secured m the first cage throughout the entire six 
cages, his grade is unity. If he held his rank in five cages, but gave 
way to another male in Cage 6, his grade is minus one. If he held 
his rank unchanged in five cages, but advanced his rank three places 
in Cage 6, his grade is plus three On the basis of this grading 


FIGURE 7 

Tub Order in Which the Males Became Dominant in Cage 6 Plotted 
AGAINST Weight 

Mules N, Rj and S failed to dominate. 

By listing the males m order of dominance horizontally, and their 
weight in grams vertically for each of the six cages, we have the con¬ 
dition shown graphically m Figures 2 to 7 In spite of considerable 
irregularities in these six graphs there is a marked indication that the 
order or scale of dominance is correlated with the weight of the males 
taking part. The heavier males stand at the higher end of the scale 
and the lighter males at the lower end 

Figure 8 gives the result of combining these six graphs into one. 
It shows at a glance the performance (the position held) of each 
male In each cage plotted against the average weight of the males 
which occupied each of the nineteen positions in the scale of domi¬ 
nance This figure indicates that dominance and weight are definitely 
correlated when the entire 98 combats are considered as a unit. 

Closer study shows that Figure 8 is divided quite definitely into 
four categories. 

1. Composed of animals B 
II. Composed of animals G, Dj F, G, Hj L 
III Composed of animals I, J, K, L, Mj 0, Q 
IV. Composed of animals E, N, T, Q, R, S 



FIGURE 8 

The Close Correlation Bbtwbbw Order of Dominance and Wbiqht of 
19 Males of ^nolts tarohnenw 

Tlie 19 points on the graph were found by taking the average of the weights 
of the males which sre listed in the vertical column beneath each point 
Note that the order of dominance for each of the six cages is given !f the 
letters are read horizontally. The four categories are labelled and show 
males A, B, C, D, F, G, H, and L ranked in I and II, or highest in domi¬ 
nance, and averaging £ 12 grams; males I, J, K, M, and 0 ranked m III, or 
intermediate in dominance, and averaging 4 96 grams, males E, N, P, Q, 
Rj and S ranked in IV, or lowest in dominance, and averaging 4 73 grams 


Obviously, then, animals in categories I and II are ranked high 
in dominance, the animals m IV arc low in dominance, while those 
in category III stand intermediate. A grading system was adopted 
to discover just how each animal stood in rank. If an animal kept 
the rank which he secured in the first cage throughout the entire six 
cages, his grade is unity. If he held his rank in five cages, but gave 
way to another male in Cage 6, his grade is minus one. If he held 
his rank unchanged m five cages, but advanced his rank three places 
in Cage 6, his grade is plus three On the basis of this grading 
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system the males of each category receive the following numerical 
rating:^ 


I 


A 

B 


Grams 

+ + (75) 
+ + ( 68 ) 


c 

- 5 (58) 

D 

- 2 (6.3) 

F 

+ 2 (55) 

G 

+ 3 (61) 

H 

+ 13 (63) 

L 

+ 18 (4.7) 


/ 

in 

Af 

0 


31 


IV 


£ 

N 

P 

0 

R 

S 


- 7 (51) 
+ + (4S) 

- 3 (4.7) 
+ 3 (SO) 

- 8 (5S) 


—11 


—43 (SO) 
—12 (3 9) 
+ 1 (47) 
18 (S 6) 
-(4 4) 
— (48) 


The dominance status of the males in the four categories shown in 
Figure 8 in relation to weights is thus correlated numerically by 
utilizing the grading system. 

When the positive or negative numerical status of each animal and 
each category is considered, the true significance of the four cate¬ 
gories or parts of Figure 8 is revealed. It is noted that the animals 
of categories I and II (combined) have a numerical value of H-31, 
and an average weight of 6 12 grams, category III has a numerical 
value of —11 and an average weight of 496 grams, while category 
IV has a numerical value of —36 and an average weight of 4 73 
grams Figure 9 gives graphically the relationship between the 


*lt might be argued that this grading system does not give proper credit 
to such animals as A, B, R) and S, the males at the top and at the bottom of 
the scale of dominance. However, if a percentage basis is used instead, 
the males are found to be arranged in essentially the same order, although 
A, B, R, and receive a numerical rating: 



Percentage 



Percentage 

A 

100 


I 

48 

B 

95 


J 

54 



HI 

K 

42 




M 

38 




0 

17 




E 

32 

C 

87 


N 

18 

D 

87 


P 

21 

F 

72 

IV 

Q 

33 

G 

68 


R 

10 

H 

78 


S 

s 

L 

58 


T 

0 


II 
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FIGURE 9 

The average numerical rating of each category of males (I, II have -1-31, 
III has —11, IV has —36) plotted against the average weight of each cate¬ 
gory (Ij II liavc 6,12 grams, III has 4-,96 grams, IV has +73 grams) 

numerical status of the four categories and the average weight of 
the males of each category This method of grading seems reason¬ 
able since each male is graded solely on his own ability to maintain or 
to improve the rank which he secured in the first cage Under this 
system no premium is attached to position of high rank nor is penalty 
attached to position of low rank provided this same rank is main¬ 
tained in each of the six cages. It is interesting tt> note that categories 
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I and II stand almost as high above the line (+31) as category IV 
stands below the line (—36). 

However, if weight and numerical status were true correlates of 
each other, that is, if the graph, Figure 9, were a straight line (as¬ 
suming that category III retains its numerical status of —11), then 



Based on the Theoretical Assumption that Average Numerical Rating 
And Average Weight op the Males in Each of the Four 
Categories are Directly Correlated 

To show direct correlation between rating and weight it is necessary to 
ascribe a rating of -f-Sl to I and II, a rating of —11 to III, and a rating 

of —21 to IV. 
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it would be necessary to raise the numerical rating of categories I 
and II to some point above -{-36 Also, the rating of category IV 
should be raised somewhat. The points where rating and weight 
meet, for categories I and II and IV, are found to be +51 and —23, 
respectively Categories I and II (combined) should be +51 while 
category IV should be —^23. Figure 10 shows graphically these 
theoretical assumptions In other words, if weight were the sole 
factor to be considered, the males of categories I and 11 exerted 
themselves in combat only to the extent of 60 per cent of their actual 
fighting capacity. Likewise, the males of category IV performed 
only to the extent of 63 8 per cent of their capacity 

Description of Representative Combats 

It is useless to give details of each of the 98 combats witnessed 
during the period of the experiments. But several of the encounters 
should be described since they have considerable bearing on the 
general problem of diurnal lizard behavior. 

Frequently the establishment of the dominance of a particular 
male over a group occurred during my absence from the laboratory. 
Among males of the same category in the same cage, especially in 
categories III and IV, the dominating male, after the initial defeat 
of other males, only exhibited bis dominance for a few seconds dur¬ 
ing a period of three or four hours If I missed this brief exhibi¬ 
tion of leadership, it was relatively simple to discover the dominant 
male by introducing a male from another cage. ' Usually in less than 
one minute after the newcomer was placed in the cage, if the sun 
was shining, the dominant male invariably revealed himself by ex¬ 
tending his dewlap and challenging the newcomer, 

Male N was often thus used to promote fighting. He weighed 
only 3 9 grams at the start of the experiment and 2.25 grams on 
May 11 when he died He was very agile but apparently had met 
with an accident some time before since his spinal column was bent 
out of alignment in both vertical and horizontal planes. Autopsy re¬ 
vealed only one testis present although both vasa deferentia were 
present Probably because of Ins physical handicap, for no other male 
behaved so queerly, he would deliberately advance toward a larger 
male, flash his dewlap, then run and hide when pursued by the 
challenged male. Within a few minutes N would show himself 
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again, flash his dewlap, and the performance would be repeated. 
Five actual instances better illustrate his behavior. (1) May 31, 
1935; 1.30 p.m. N was placed m Cage 2. Immediately he ex¬ 
tended his dewlap while advancing toward five males, G and E 
among themj and apparently challenged them since they all turned 
quickly in his direction and extended their dewlaps as though they 
accepted the challenge N retreated and hid beneath a branch. The 
five males thus aroused proceeded to arcle and challenge each other. 
Male G soon chased away all but E who held his ground until G 
locked jaws with him After being bitten twice E withdrew from 
the field leaving G dominating the cage This particular episode was 
witnessed by Mr. L A Hansborough. (2) iV was placed in Cage 
5, April 16, 1.00 P.M. He extended his dewlap and L immediately 
chased not only N but O and I as well All three left the field 
with L dominating the cage. (3) April 3, 3:00 p M., N bit M on 
the neck but was shaken off and chased away. (4) April 4, 12:30 
P.M., N was seen climbing the screen of the cage toward M. When 
he attained a position higher than M, he thrust out his dewlap and 
compressed his body laterally. M req)onded in a similar way and 
quickly chased "N down the screen (5) On April 11, 8 '30 a.m.^ N 
was placed in cage 3 to incite fi g hting He immediately challenged 
all males present. L took up the challenge, chased N, and dominated 
the cage. L was then removed from the cage At 8 '55 the same 
morning male / chased N and others, thus dominating the cage 
Male 1 was quickly removed and at 9*00 am. / took up N’s chal¬ 
lenge, chased the others, and became dominant / was removed and 
at 9:40 M took up ?V^‘s challenge and became dominant in turn in 
that cage. 

A, as the records show, was not beaten by any other male during 
the course of the six senes of combats. During his first few weeks 
in the laboratory a year previously, February 1934, he permanently 
injured his mouth while trymg to escape But in spite of this handi¬ 
cap he held his rank as the only unconquered male in the hierarchy 
of 19 males. Very few males had the courage actually to fight with 
him. One such combat was particularly interesting. Male H be¬ 
came dominant in cage 4 at 8‘40 a.m , April 11, and dominated 
Cage 5 at 8:55, fifteen minutes later. Accordingly he was placed 
in Cage 6 at 9.00 am. H immediately extended his dewlap and 
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strutted sidewise with body compressed laterally toward A who 
dominated Cage 6. A's bright green color may have guided H 
toward him, since the dominant male is commonly green while all 
the rest are brown. It was quite apparent that A was surprised by 
this boldness and it was several seconds before A took the fighting 
pose and advanced toward H. Bj m the brief interval, came from 
behind a branch and took up the challenge by advancing toward H 
with dewlap flashing. H continued to advance toward A, ignoring 
B who soon retired from the scene. B's behavior in this episode was 
the only case observed that resembled in any way the pecker-peckee 
type of dominance described foi tlic fowl by Schjelderup-Ebbe (7, 8) 
and by Murchison (4, 5) Both A and H persisted through the first 
or bluffing stage of the typical fighting pattern and entered the sec¬ 
ond 01 biting stage J opened Ins mouth very wide and literally 
thrust his lowei jaw into H’s mouth. H pulled back his head, thrust 
forward and caught A by the angle of upper and lower jaw A 
moment later he swung A over backward holding liim suspended in 
mid-air After stiuggling, A broke the hold and dropped to the floor 
of the cage. He came toward H and was again caught and held in 
the same way During this struggle A’$ color had changed to brown 
After breaking loose both males kept apart for ten minutes, but each 
eyed the other constantly Then A challenged U again. This time 
H retreated slowly and A again established himself as the dominant 
male of the cage. This encounter, lasting thirty minutes, was the 
longest and most interesting of all those witnessed during the course 
of the investigation 

On May 9, at 10.00 am , i? had been in Cage 4 for several days 
vvlien a small male, T, weighing 4.5 giams and which had never 
fought, together with male S was placed m cage 4 with R Within 
three minutes R crawled sidewise towaid both S and T with body 
compressed and dewlap flashing. Neither of the newcomers re¬ 
sponded to the challenge T moved toward R and passed him to 
climb to a branch. R followed T, threatening all the way. T 
stopped, R came alongside and continued to flash his dewlap and to 
compress his body. Still no answering challenge came from T who 
moved away, R then advanced toward S in like manner and leceived 
a similar negative response from S R was obviously puzzled, but 
made no attempt to touch the other males although he continued to 
thieaten them for half an hour 



106 


LLEWELLYN T. EVANS 


Discussion 

From the evidence given in Table 1 it is clear that out of 98 
observed encounters, in which dominance was definitely established, 
90 were won by the dominating resident male, which had been in 
the cage at least 24 hours previously, against a strange male newly 
placed in the cage in spite of the fact that the latter had dominated 
the cage from which he came. The eight encounters m which the 
reverse was the case are. 

Fj April 18, 10'58 a.m , 18 minutes after being admitted, domi¬ 
nated Cage 6. 

H, Abril 11, 8:55 am., 15 minute after being admitted, domi¬ 
nated Cage 5. 

K; April 18, 10 25 A.M., 5 minute after being admitted, domi¬ 
nated Cage 4. 

0, April 15, 11'05 A.M» 15 minute after being admitted, domi¬ 
nated Cage 4 

Q, April 20, 9*45 am., 45 minutes after being admitted, domi¬ 
nated Cage 3. 

Q, April 20, 10'00 am., 15 minute after being admitted, domi¬ 
nated Cage 4 

Q, April 20, 10:45 a.m, 45 minute after being admitted, domi¬ 
nated Cage 5 

R, April 25, 1040 A.M., 20 minutes after being admitted, domi¬ 
nated Cage 3. 

Of these eight encounters won by non-resident males only the first 
four are really significant, since m these cases the defeated resident 
males were known to fight readily. The three successive cases of 
dominance on the part of Q and the one for R are easily explained 
by the low dominance status of the males which they encountered. 

The evidence strongly supports the contention of Noble and 
Bradley (6) that the mtole Anolis figjit to retain a chosen territory 
against rival males. It further emphasizes the fact that little actual 
social life exists among adult Anolis of the same sex, particularly 
among males. In fact, although this purports to be a study of a 
social hierarchy in Aitoluj it actually emphasizes the anti-social 
behavior of adult males. It is this feature of the behavior of the male 
Anolis which prevents anything approaching a straight-lme dominance 
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or a '‘pecking order’' from occurring In fact the "pecking order" 
so common in fowls presupposes that members of the same species 
are bound together by a very positive social reflex as Murchison (4, 
5) has clearly shown to be the case in the chick. 

The cases cited also emphasize an additional fact in connection 
with behavior of male AnoUs He has become so specialized struc¬ 
turally (refeiring particularly to the dewlap, dorsal crest, and 
ability to flatten the body laterally) that fighting can only take place 
after the males involved have extended their dewlap in a challenging 
manner If one male ignores the dewlap display of the other, no 
fighting takes place in the majority of cases. This was specially 
brought out in the case of R on May 9, 10 00 a.m., as mentioned 
above However, a male that stands fairly high in the scale of 
dominance will almost invariably respond to a dewlap of a chal¬ 
lenging male by a similar display of his own. 

The behavior of caged male Anolis is probably a modification of 
the behavior in the field Under natural conditions when a strange 
male approaches a particular territory which is in possession of an¬ 
other, a fight results, the outcome of which will depend upon two 
factors* first, the weights of the combatants, second, the psychologi¬ 
cal or emotional elements of the urge to hold territory. The beaten 
male retreats, leaving the victor m possession of the territory 

In the cage the defeated males cannot leave the territory so the 
victorious male is kept continually m an aggressive mood because he 
constantly sees others in his domain Their proximity serves as an 
ever-present Stimulus to fight to hold territory. Each day, therefore, 
the dominant male may be expected to express his territorial urge 
by the customary challenge of flashing dewlap, sidewise advance, 
and lateral flattening of the body 

Since the dominant male was ordinarily removed and placed in 
the next cage as soon as he had defeated others, either by mere dis¬ 
play or by actual fighting, and since dominance and weight are cor¬ 
related (Figure 8), it follows that the weight of the average resi¬ 
dent male which dominate a particular cage will be slightly greater 
than the weight of the average newly intioduced male. Figures 2 
to 7, however, show that there were many individual exceptions to 
this as evidenced by the zig-zag appeaiance of these graphs These 
exceptions (where a lighter male becomes dominant before another 
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heavier male m the same cage) reveal very maikedly the part played 
by the territorial urge 

As a matter of fact, in all six cages, out of the total of 98 com¬ 
bats, 38 were won by males weighing less than other males in the 
same cage. When these particular combats took place, had the 38 
cases occurred in the same numerical petition in each cage, it is very 
doubtful if the weight-dominance correlation could have been shown 
to exist. But because they were scattered haphazard throughout the 
SIX cages they had little eftect on the corielation. Figure 8 proves 
that weight and dominance are correlated to a considerable degree 
This IS contrary to the findings of Murchison (4, 5) who records 
little or no correlation between mass and dominance in his careful 
and extensive studies of chick hierarchies. 

In conclusion it might be su^ested that the fighting pattern of 
males of Anolis carohnensts to defend or secure territory is made up 
of a chain of reflexes which are expressed in a more or less orderly 
sequence. Those which can be objectively studied and their order 
of sequence are. 

1. Dewlap reflex 

2 Dorsal crest reflex 

3 Sidewise approach to rival male 

4 Reflex causing a flattening of the body laterally 

S. The biting reflex 

6 Retreat reflex of the defeated male 

7 Pursuit reflex of the victor 

8 Dewlap reflex of the victor 

Both males engaged in a combat will exhibit the first four reflexes 
listed here and the fifth, also, if both peisist beyond the bluffing stage 
in tlie encounter. But usually the resident male will be the chal¬ 
lenger and therefore the first to express each of the first four reflexes 
The sequence of the biting reflex will depend on the skill and sticngth 
of the rivals. The first five reflexes will appear in both but will 
vary in degree in each male. The sixth will appear only in the de¬ 
feated male while the seventh and eighth will be expressed only by 
the victor. 

If the dewlap reflex of the challenger yields no like response fiom 
the second male, the only leflex in the chain which will be expressed 
by the latter will be sixth or retreat reflex, unless he simply ignores 
the challenger The retreat reflex is more apt to be the response on 
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the part of the second male if the challenger has already conquered 
him and then challenges him again later. However, if the second 
male be newly introduced into the cage, he rarely ignores the chal¬ 
lenge. 

The first four reflexes produce what might be called an intimidat¬ 
ing mechanism which has apparently evolved to cause the males 
to appear as large and imposing as possible to each other. As a 
bluffing device it is certainly successful since many encounters end 
at this point in the fighting pattern. 

Summary 

Experiment leveals for the first time in any reptile form a social 
hierarchy which differs m many respects from that of fowls Nine¬ 
teen males of Anolis caiolmensis ranging in weight from 7 5 grams 
to 3.9 giams airangc themselves in a series of dominance ranking 
which is closely correlated with weight. The laigest males stand 
at the higher end of the scale and smallest stand at the lower end 
of the scale of dominance 

The urge to acquire and to hold a certain restricted territory is 
very marked. The resident male (that has been in a particular cage 
for 24 hours or more) wins in 91 per cent of the combats not only 
because he is heavier than the non-rcsident (42 per cent of such 
combats being won by Ji^iter males) but also because be fights harder 
to defend territory than the non-resident docs to acquire it 

The males are grouped in three distinct categories. (1) Those 
ranking very high m dominance with a numeiical rating of +31 
and an average weight of 6 12 giams (2) Those ranking inter¬ 
mediate m dominance with a numerical rating of —11 and an aver¬ 
age weight of 4 96 giams (3) Those ranking veiy low in domi¬ 
nance with a numerical rating of —^36 and an average weight of 
4 73 grams. 

The fighting pattern consists of eight reflexes which are overtlv 
expressed in the following order* (1) dewlap reflex, (2) dorsal 
crest reflex, (3) sidewise approach to rival male, (4) reflex causing 
a flattening of the body laterally, (5) the biting reflex, (6) retreat 
reflex of the defeated male, (7) pursuit reflex of the victor, (8) 
dewlap of tlie victor 
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UNE feTUDE D’DNE HlfeRARCHIE SOCIALE CHEZ LE LfeZARD 
ANOLIS CAROLINENSIS 

(Risumi) 

L’expdrience montre pour la premiere foig chez un reptile une hierarchic 
socinle Dix-neuf m.iles d'Ariolis cajolhicnsis, variant de 7, 5 grammes & 
3, 9 grammes, se sont ranges dans une sene d'fevaluation de dominance 
6troitement corr616c avee le poids Les plus grands males sc sont trouv6s il 
l’extr6mi(6 supdrieure ct Ics plus petits a I‘extrcmit6 inf6rieure de Vcchcllc 
de dominance 

Le mflie r6sidant a gagne neuf dans iin total de 93 combats Ceci d eu 
lieu en pnrtie parce iju'il a dt6 plus lourd que le non-r6sidant et en partie 
pnice qu'il a lutt^ plus foit pour defendre le terrain qu’a luttf le non- 
r6sidant pour I'acqu^rir. 

On a groups les males en tros catdgoiies* (I) Ceux d'une dominance 
8up6neuie avec une Evaluation numerique de plus 31 ct un poids moyen de 
6, 12 grammes (2) Ceux d’une dominance moyenne avec une Evaluation 
numirique de moins II et un poids moyen de 4, 96 grammes (3) Ceux 
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d'unc dominance inferteure avec une dvaluation num^rique de moina 36 et 
un poids moyen de 4, 73 graromea 

La forme dc lutte s’est composle de huit reflexes exprim^s d'une fagon 
manifeste en I'ordre suivant; (1) Refle-ve du fanon, (2) Rdflexe de la crete 
dorsalc, (3) Approche dii cold au male rival, (4) Aplaniaaemeut du corps 
latdralemcnt, (S) Rdflexe de mordre, (6) Rctiaite du male vaincu, (7) 
Pourauite du vamqueiir, (8) Rfiflexe du fanon dn vainqueur. 

L Evams 

EINE UNTERSUCHUNG EINER SOZIALEN HIERARCHIE BEI DER 
EIDECHSE ANOLIS CAROLWENSrS 

(Referat) 

Diese Untersuchung offenbarl; zum eislen Mai bel iigendeinem Reptil 
eine sQziale Hlei archie Neuzehn Mannchen der Gattiing Anohs Catohnen- 
jjjj die von 7, S g bis 3, 9 g wogen, ordneteten sich m einer Rcihe der 
Herrscliung, die eng mit dem Gcwicht korrelieiic Die grossten Mannchen 
stnndcn nm hoheren Ende imd die kleinsten ^tanden am niedngeron Ende 
einer Skala der Ilcrrscliung 

Dns wohnhnfte Mannchen gewann 90 von 98 Kampfen Dies war teiU 
wcise die Folge davon, dass e$ schwerei als das nichtwohnhafte Reptil vrar 
und teilweise well «s schwerer Ldmpfte, um scin Gebiet zu verteidigen als 
das nichtwohnhafte Reptil, um es zu erwerben. 

Die Mannchen wurden in diei Kategoiien eingeteilt (1) hoch an Herr- 
schnng mit einem Zahlrang von Plus 31 und mir emem durchschnittlichen 
Oewicht von 6, 12 g (2) Dazwischenliegend an Herrschnng mit einem 
Zahlrang von Minus II und mit einem durchschnltUichen Gewiclit von +, 
96 g (3) Niedrlg an Herrschung mit einem Zahliang von Minus 36 und mit 
einem durchachnittlichen Oewicht von 4, 73 g 

Das Kampfmustei bestand nus aclit ReAcxen, die ausscrlich in folgender 
Ordming ausgedruckt wurden. (1) Dewlap Reflex, (2) Ruckenkammreflcx, 
(3) seitliclie Annnhrung an den Nebenbuhlei, (4) das Niederdrucken des 
Korpers zur Scite, (5) der Beissreflex, (6) Zuruckziehen des unterwoifenen 
Mannchena, (7) Verfolgung des Siegers, (8) Dewlap Reflex dea Siegers 

L Evans 



STIMULUS- VERSUS RESPONSE-DIFFERENTIATION 
IN DELAYED REACTIONS OF CHIMPANZEES* 

From the Yale Laboratories of Prmaie Biology 


H. W Nissen, C. R Carpenter^, and J. T. Cowles 


In his 1913 monograph (5) Hunter lists "three dvfterent methods 
of delay which might have appeared and m point of fact did appear 
in our delayed leaction expenments” These three methods, In ab¬ 
breviated form, arc as follows (1) Maintenance of orientation of 
all or part of the body during the delay, (2) Absence of such main¬ 
tained orientation; (3) Staying in the part of the restraining com¬ 
partment nearest one of the leaction boxes The investigation showed 
that rats and dogs were dependent on the first method for successful 
response whereas raccoons apparently could use any one of the three 
methods. 

Hunter’s study raised a question of fundamental importance for 
theory of behavior mechanisms which subsequently has received scant 
consideration. What is the mechanism which enables an organism, not 
maintaining its gross orientation or position in the restraint compart¬ 
ment, to respond correctly after an interval of time? What is re¬ 
membered? Is the sensory-perceptual impression received during the 
baiting or presentation period somehow revived at the end of the 
delay interval? Or, instead, is it the mitral, partial movement or 
tendency which is "held in leash” until it can find its outlet in com¬ 
plete, overt response? Hunter, postulating a representative or idea¬ 
tional process as being necessary in delayed reaction, states the prob¬ 
lem as follows* 

. the representative process must stand for either the sensory 
or motor aspect presented in the genetically lower level of be¬ 
havior. there are fiom the standpoint of function two classes 
of ideas —ideas of objects or those representing the stimulus 
aspect of the situation, and ideas of movement or those repre- 
aentitig some aspect of the movement or its sensory consequences, 

(pp 73-7+) 

•Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, September 18, 1935. 

^Now at Bard College, Columbia University, Annandale-On-Hudson, N Y 
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The process which occurs in successful delayed response must be 
based, finally, on an eailier event or occurrence, the giving of the 
“cue” befoie the delayed interval. 

“Ideas” ore the residual efiecta of sensory stimuli which 

are retained aid which may be subsequently excited The 
revival, moreover. Is selective and adaptive to the solution of 
a definite problem, and when aroused, they function successfully 
IS a necessary substitute for a definite component of the objec¬ 
tive stimulus aspect of the problem. (5, p 73) 

When an animal sees food m a ceitsun part of the envnonment and 
immediately goes to it, there is presumably both a differentiation of 
the stimulus situation (difteientiating a certain part of the visual 
field from the rest) and a diffeicntial movement (going in one 
direction lathcr than m another) If, now, a delay peiiod inter¬ 
venes bcfoie the animal can make its overt response, and food is no 
longer immediately present to the senses, at le^t one of these differ¬ 
entiations must be present or be revived if the response is to be “cor¬ 
rect ” That IS, cither one part of the stimulus situation must func¬ 
tion differently tlian the rest of the situation, or the situation as a 
whole must stimulate one certain movement lather than othei move¬ 
ments. In the first case the essential element which "bridges” the 
gap and is effective at the end of the delay interval is stimulus- 
differentiation, in the second case it is response-differentiation ^ 

The stimulus situation after the delay period, therefore, may func¬ 
tion either as an undifferentiated whole or selectively, one part evok¬ 
ing a different response than otlier parts Likewise the response mav 
be a non-differential movement of approach (or avoidance) or it may 
be a critically differentiating response, such as grasping with the left 
hand rather than with the right These are at least logical alterna¬ 
tives; whether they are psychologically po^ible remains to be dis¬ 
covered. 

Several points of importance in the above analysis should be em¬ 
phasized • (I) We are here considering the total situation as it exists 

®We recognize that stimulus- and response-differentiation at the end of the 
delay interval may be regarded as meiely diffeicnt aspects of what is funda¬ 
mentally the same process or mechanism Whether we are dealing heie with 
two distinguishable processes or, instead, with two aspects of a unitary 
mcchanisiii, is open to question The hypothesis that there arc two distinct 
(although doubtless related) mechaaisms would appear more fruitful for 
analytical purposes and is adopted thioiighout ouj discussion 
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after the subject has gotten his cue, not before. As already indicated 
above, at some time or other there must be both stimulus- and 
response-differentiation; our problem is which of these functions 
when overt response occurs.* (2) In stimulus-differentiation the 
non-differential approaching response aroused bv a certain stimulus 
must be “translated” into the specific movements required by the 
situation. In response-differentiation this “translation” takes place 
before the delay interval, after the delay an approaching tendency 
must supplement the critical, differentiating response The same 
essential elements, therefore, enter into both types of delayed reaction 
under discussion. The temporal relations of these elements, and the 
connection or association by which the delay interval is bridged, how¬ 
ever, may be different The terms, stimulus- and response-differentia¬ 
tion, are descriptive not of the complete mechanism involved in a 
delayed reaction but only of that portion effective after the delay 
interval has set in. (3) The differentiated stimulus may be m the 
external sensory field (c.g., visual chaiacterlstics of the container 
which was baited with food) or it may consist of kmaesthetic im¬ 
pulses resulting from a turning of the body or of the eyes, for in¬ 
stance, in a certain direction ^ Or a combination of such direct and 
indirect stimuli may act as the differentiating cue (4) The differen¬ 
tial response or tendency may be directly and specifically the critical 
movement which the situation requires, or it may be a more general 
movement in the direction of one of the food containers. 

We may briefly recapitulate Before the delay the subject sees 
food being placed into one of the boxes® The possible sources of 

*We are not conaideitne the possibility of both raechamama operatiag at 
the same tune in the same individual. One or the other would be sufficient, 
and the principle of parsimony would be against assuming both to be opera¬ 
tive simultaneously On (he other band, it is conceivable that either type of 
adjustment might operate (exclusively or predominately) in the same organ¬ 
ism, depending largely on certain features of the situation, such os the ida- 
tive obtrusivenesa of several factors m u. Thus large and brightly colored 
boxes might favor stimulus-differentiation, whereas a novel and complicated 
device used by the subject in attaining (he lure might favor response-differ¬ 
entiation The problem then becomes one of deteimming the relations be¬ 
tween the two mechanisms and the factors favoring operation of one and 
the other 

■•It will be noted that our analysis here differs importantly from that of 
Hunter, who lumps “ideas of movement” with their “sensoiy consequences”, 
see quotation, page 74. 

“For the sake of simplicity wc are using as illustration the direct method 
of delayed reaction with two food containers. Use of the indirect method 
or of multiple containers would necessitate no important modifications 
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Stimulation at this time are especially; (1) the total, undifferentiated 
stimulus situation, (2) visual and other external stimuli from the 
food and from the food container, (3) kinacsthetic stimuli from the 
eye or postural muscles as the subject looks at or turns toward the 
baited container, (4) kmaesthetic stimuli from an approaching re¬ 
sponse or tendency. On the response side we must considei especially 
(I) eye movements and postural orientation toward the food con¬ 
tainers, (2) an approaching or forward-going response (Any of 
the responses mentioned may, of course, be implicit or incipient as 
well as explicit or overt). All these processes may be more or less 
simultaneous, so that association or conditioning between any of the 
aforementioned stimuli and responses must be considered possible. 
Depending, then, on what is associated witli or conditioned to what, 
the mechanism operative at the end of tiie delay interval will be 
stimulus-differentiation or response-diftcrentiation. The following 
diagrams are simplified representations of the two possibilities; 

BCrORt DtL*» JkfTCfi DELAt 





The large S represents the undifferentiated stimulus situation, 
iSi and Sg visual stimuli from the baited and unbnited containers 
respectively, and kmaesthetic stimuli from orientation 
towards the containers, Sf stimuli from the food. Solid double 
line represents the principal reinforcing agent, a single solid line 
the association eatabiished before and effective after the delay 
interval, a dotted line die mam alternative association Sym¬ 
bols in parentheses represent elements added to the critical 
differentiation to complete the response. 
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Although -we have worded our discussion almost exclusively In the 
terminology of stimulus-response psychology, it should be noted that 
the distinction made between two mechanisms remains essentially the 
same even If revival of a sensory impression without any intervening 
responses or response tendencies, or the revival of a movement or 
movement tendency without reference to intervening stimuli, is as¬ 
sumed. 

The experiment here reported was designed as a first step in an 
attack on the problem stated above In brief, wc provided a situa¬ 
tion permitting variation of the distance between two food containers 
and also of the distance between the ends of two cords by which the 
subject drew in the containers (See Figure 1, p. ). The in¬ 
fluence of these two variables was measured m terms of accuracy of 
performance obtained under the several conditions 
It was expected that if differentiation or fractionating of the stimu¬ 
lus situation is the critical factor, the spatial separation of the two 
food boxes should influence scores markedly, while the degree of 
differentiation of the two alternative overt responses would be of 
small consequence; if, on the other hand, differentiation of the critical 
response is the determining factor, the spatial separation of the boxes 
would be of decidedly less import than the distinctness of the two 
response points. 

As was suggested above, however, differentiation of the stimulus 
situation may occur m respect to the points of response (rather than 
in reference to the food containers themselves), and therefore the 
effects of degree of separation of these points perhaps cannot be 
distinguished from those of responsc-diftercntmtion This is quite 
true, but is significant only in the eventuality that the degree of 
spatial separation of these points influences performance which, as 
it happens, it did not do in tins expeiimcnt It is also possible that 
the greater distance between the food containers might favoi response- 
difterentiation as well as stimulus-differentiation. To this we can 
only say that it seems more reasonable to attribute the effectiveness 
of spatial separation of the containers to the latter kind of differentia¬ 
tion, especially when the separation between icsponse points is shown 
to be of little or no consequence. 

Influence of spatial separation of the food containers in delayed 
response situations has been suggested or demonstrated by several 
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writers (3, 5, 7, 8, 9, 10). In all these studies, however, the variable 
distances employed have applied equally and simultaneomlv, as far 
as can be known, to both the visual (or perceptual) field and to the 
spatial distinctiveness of the critical responses In the present inves¬ 
tigation the attempt has been made to separate these factors experi¬ 
mentally for the purpose of determining which of the two aspects of 
separation is the significant one 

Apparatus, Procedure, Subjects, and Preliminary Training 

TIjc apparatus employed is shown m Figure 1. The restraining 
cage, it will be noted, is large enough to give ample opportunity for 
locomotion in all three dimensions Constiuction of the cage is such 
that the animals can climb the side walls and cling to the wirc-mesh 
celling. There is little opportunity for visual distraction. A ceiling 
light directly over the restraining cage and a 75-watt bulb directly 
over the working platform give biight, constant illumination The 
experimenter is out of sight but can observe the subject while the 
doors are raised for baiting and for response The animal c.in see 
only the h.ind and lower arm of the experimenter as he leaches 
through one of the square openings in the fibei-board panel in order 
to bait one or the other of the two food containeis. The cloth 
screen surrounding the working platform on three sides prevents 
the subject from seeing anything beyond the working platform. The 
wire mesh panels on the sides of the platform prevent the animal 
from pulling the cloth screen when the side doors are raised. The 
platform is painted light brown, all other woodwork is natural pine. 
The fiber-board panel is light tan, the cloth screen consists of light 
crcam-coiorcd muslin The boxes are painted black (In Experi¬ 
ments 1 and 3, aluminum cups, mounted on a black wooden base, 
115 cm. in diameter, 1 9 cm high, wcic used as food containeis, 
The cups, having a maximum diameter of 10 5 cm., are sufficiently 
deep (6.0 cm ) so that the animal cannot see whetlicr oi not they 
contain food.) The cords are while, 4 mm in diametei. The 
several arrangements** shown m mset, Figure 1, require diffeient 
lengths of cords; to one end of each cord is fastened a snapper 

Throughout this report the capitals, S and M, will be used to refer to the 
aide and middle positions, respectively, of the food containers, while a small 
r or m will designate corresponding positions of the ends of the cords nearest 
the cage 
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FIGURE 1 

Perspective Drawing op Apparatus, Showing Also Part or Restraining 
Cage and (Insert) the Four Arrangements of Food 
Containers and Cords Employed 

Portions oI the cloth and composition-board screens have been cut away in 
order to show essential parts of the apparatus. Boxes and cords are in 
the S-m position (see text). The middle door is raised, showing bars 
through which the animal worked Dimensions (all in centimeters) 
Restraining cage* 180 by 180 and 184 high Each of the three windows is 
54 wide, 25 high Distance between windows, 4,5 The platfoim, 184 wide 
on cage aide, 193 wide on experimenter's side, and 91 deep, is 38 above iloor 
level Boxes are 10 wide, 10 5 long, 10 high Distance between boxes, 
center to center. 137 when in ^-position, 26 when in Jlf-positioii Distance 
between ends of cords nearest cestralnit^ cage* 137 when m i-position, 26 
when in w-position Fiber board screen is 198 long, 46 high, the four 
openings cut into this screen are 10 5 square, bottom edges 20 nbove the 
platform level, distances between these openings same ns for the food 
boxes Musitn screen completely surrounds platform and extends from 
below the platform level to 184 above floor level. One-way vision screen, 15 
wide, 10 lugh, is centered over long dimension of the platform, 52 above 
platform level Heavy wire-mesh screens, along the ends of the platform, 
are 92 high. The light is centered 125 5 above platform level. 

which the experimenter can readily hook to an eye on the front of the 
box or base of the cup At the other end of each cord is an iron 
ring which clips over a nail at the appropiiate place in the platform. 
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Tlie cord lengths are so adjusted that in each position the cord is 
just long enough, re., is fairly straight. Projecting thiough the fiber- 
board panel, directly behind each of the four positions of the food 
containers, is a cord with a snapper hooking to the back side of the 
box with which the experimenter can prevent the animal from mak¬ 
ing a second choice in case the fiist response is wrong. 

The general procedure employed was as follows* after the animal 
had been placed in the restraining ca^, the experimenter adjusted the 
food containers and cords for the first trial. With the experimenter 
out of sigllt, the appropnatc door or doors facing the working plat¬ 
form weie raised The experimenter reached through the panel 
opening over the correct container and, as soon as the animal was 
looking at the lure, placed it into the container. In preliminary 
training the animals had learned not to pull the cords at this time. 
As the hand was withdrawn, the door or doors were closed, and at 
the same time a stop watch was started. At the end of the specified 
delay limit, the designated doors were raised and the animal was 
allowed to pull m one of the conftifnecs During the early tests, 
especially, tlie animals sometimes pulled first one, then the other 
cord When the closed boxes were being used, a "response” was 
counted as such only when one of them had actually been opened 
The animal was not permitted to open the second box. When the 
open cups were employed as food containers, a response was re¬ 
corded for the first cup to cross the half-way mark between iron grille 
and back of platform, since beyond this point it might have been 
possible for the animal to sec into the cup. Only one choice was 
allowed. After a response had been made and the lure taken, the 
doors were closed and the containers and cords were adjusted for the 
following trial The time between tiials was fairly constant at 
about 45 seconds, By means of a stop watch, the time elapsing 
between the raising of the doors at the end of the delay irfterval 
and the first pull on either cord was recorded for each trial. 

The four chimpanzee subjects are described briefly as follows • 


Name 

Numerical 

designation 

Sex 

Approximate 

age 

Weight 




■BOH 

20 75 kilos 





18 05 kilos 





16 20 kilos 





18.10 kilos 


120 H. W NISSEN, C. R CARPENTER, AND J. T COWLES 


All the subjects had been used prcvbusly in other expeiiments. 
Veit was the only one of the four with pnoi expeiience in delayed le- 
action; he had been used in an experiment on the effects of amount 
of reward on delayed reaction performance in which the pull-in 
technique was employed. Alpha and Bimba were accustomed to 
drawing in food boxes m a visual discrimination experiment. None 
of the animals had had any previous acquaintance with the apparatus 
used in this study. 

Training preliminary to the teste recorded in the following pages 
consisted in getting the animals emotionally adapted to the experi¬ 
mental situation, and in training them to pull m the food boxes after 
a short delay interval and not during the demonstration or baiting 
period. The various containei- and cord-arrangements which were 
to be employed later were each used an equal number of times dur¬ 
ing the preliminary training, so that no one of them would be favored 
over the others From two to seven sessions of about twenty minutes 
each were given the several subjects for this preliminary adaptation. 

Experiment 1 

Subjects in this experiment were Alpha and Bimba, each used once 
a day. During both baiting (presentation) and icsponse periods all 
three doors of the restraining cage were opened simultaneously. The 
lour situations or arrangements of cords and food-containers shown 
in Figure 1 (inseit) were picsented m an iiregular older, each 
situation an equal number of times during each experimental session. 
The system of left-right and situation sequences used was designed 
to meet the following requirements* (1) an equal number of right 
and left positions within each successive group of four trials, (2) 
the b.iitcd container to be on the same side no more than thiee suc- 
-cessive times, (3) each of the four situations to appear once in each 
group of four successive trials, (4) the same situation never to 
appear on two successive trials, (5) each situation to be followed 
an equal number of tunes by each of the other three situations, and 
(6) each situation to begin an equal number of expeiimental sessions 
The latter condition was not met completely since it was found im¬ 
possible to adhere m all cases to the plan of having 16 trials duiing 
each expeiimental session In order to carry out this system we 
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made up four sequences of 16 trials each for the left-right position 
and also four sequences of 16 trials each for the four situations* 

Left-nglit sequences; 

A) RLLRRLRLLLRRLRLR 

B) LRRLLRLRRRLLRLRL 

C) LRLRLLRRRLRLLRRL 

D) RLRLRRLLLRLRRLLR 

Situation sequences (situations 1, 2, 3, and 4) 

I) 1234241343213142 

II) 2314124321342314 

III) 3214341231243241 

IV) 4213124341321423 

It IS to be noted that left-right sequence 5 is a mirror-image of se¬ 
quence Jj and that sequences C and D are the reverse orders of B 
and J, respectively Situations 1, 2, 3, and 4 correspond, respec- 
tivelVi to box- and cord-positions M-t»j M~s, S-m, S-s, 

If! order to make up our situation and left-right combinations, the 
following foimula was used; it provides for 16 sessions of 16 trials 
each, or a total of 64 trials for each of the four situations Both 
subjects were given a total of 32 sessions of 16 trials each; the 
formula here given was therefore repeated for the second 16 sessions 
Combination of left-right and situation sequences for 16 days. 

I A, II B, in C, IV D, IV A, III B, II C, I D, 

I, B, n A, III D, IV C, IV B, III A, XI D, I C 
For both animals, throughout this experiment, the reward or incen¬ 
tive was onc-sixteenth orange, including the skin, per trial; each piece 
weighed approximately 10 grams The maximum number of tiials 
per experimental period was 16, so that by making no errors the 
animal could get a total of one orange per session For Bimba there 
were always 16 trials per session, for Alpha, who became restless and 
excited with prolonged work, the number was cut down to eight 
or 12, as shown in detail below. 

The delay interval was increased from time to time at a rate which 
would produce sufficient eriois to demonstrate any differences in 
difficulty among the four situations and which, at the same time, 
would not unduly discourage the subjects. 

Results. Tables 1 and 2 show the number of errors made by 
Alpha and Bimba, respectively, on each of the four situations during 
each of 32 successive series of 16 trials each. Since each situation 
appeared four times within one series, the maximum number of 
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TABLE 1 
Alpha 


Number of errors on each of four situations in successive senes of 16 trials 
each, with increasing delay intervals Number of trials per situation per 

senes 4.* 


Tiials per 

Series experimental 
number period 

Delay in 
seconds 

A/-7A 

Situation 

Ms S-m 

Ss 

1 

16 

3 




i 

2 

16 

4 

1 

1 



i 

16 

S 

2 




+ 

16 

6 





5 

16 

7 

1 

2 



6 

16 

10 

1 

1 



7 

16 

10 

I 




g 

16 

12 

1 

1 



9 

16 

12 


1 



10 

16 

15 





11 

16 

15 





12 

16 

20 





13 

16 

25 





14 

16 

30 





IS 

16 

30 

1 




16 

16 

30 

1 

2 



Total errors, 

senes 1-16 


9 

3 

0 

1 

Total trials, 

series 1-16 


64 

64 

64 

64 

Score (% correct) 


SS9 

87 5 

100 

98.4 

17 

8 

30 





18 

12 

30 


1 



19 

12 

30 

1 




20 

12 

30 


2 



21 

12 

30 


1 



22 

12 

30 

1 




23 

16 

30 

1 




24 

12 

30 





25 

12 

30 

1 




26 

12 

40 

1 




27 

12 

40 

1 




28 

12 

40 


1 



29 

12 

40 





30 

n 

45 





31 

12 

45 

2 

1 



32 

12 

50 

2 




Total errors. 

series 17-32 


10 

6 

0 

0 

Total trials, 

series 17-32 


64 

64 

64 

64 

Score (% correct) 


84 5 

91 

100 

100 

Total errors 

, series 1-32 


19 

14 

0 

1 

Total trials, 

series 1-32 


128 

123 

128 

123 

score (% correct) 


85.2 

89 1 

100 

99 2 


•Wrong choices of container to animal's left are italicized, errors to the 
right are uaitalicized. 
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TABLE 2 

Bl/rfDA 


Number of srrors on each of fonr situations in successive senes of 16 trials 
ead), with increasing delay intervals Number of trials per situation per 

senes. 4* 


Senes 

number 

TnaU per 
experimental 
period 

Delay in 
seconds 

M-tn 

Situation 

Ms S-m 

Ss 

1 

16 

1-3 


1-1 



2 

16 

3 

1 

1 



3 

16 

4-5 

2 




4 

16 

7-10 


1 

1 


5 

16 

12 

I 

1 

1 


6 

16 

15-20 





7 

16 

22-26 


1 



8 

16 

30-40 





9 

16 

45 


1 



10 

16 

60 

1 

2 



U 

16 

60 

1 

2 



12 

16 

60 





13 

16 

60 

7 




14 

16 

60 

3 




15 

16 

60 

1 

1 



16 

16 

60 

i 




Total errors, series 1'16 


10 

12 

2 

0 

Total trials. 

series 1*16 


64 

64 

64 

64 

Score (% correct) 


84 4 

SI.3 

96 9 

100 

17 

16 

7S 





18 

16 

75 

1 




19 

16 

75 

1 




20 

16 

90 


1 



21 

16 

90 


1 



aa 

16 

90 


2 



23 

16 

90 

1 

1 



24 

16 

90 

I 




25 

16 

90 





26 

16 

90 

1 

1 



27 

16 

90 





2S 

16 

70 





29 

16 

ICS 

2 




30 

16 

105 

1 




31 

16 

105 


1 



32 

16 

120 

J 




Total errors, senes 17-32 


9 

7 

0 

0 

Total trials 

, series 17-32 


64 

64 

64 

64 

Score (% correct) 


85.9 

89 1 

100 

100 

Total errors, series 1-32 


19 

19 

2 

0 

Total trials 

, aeries 1-32 


128 

128 

128 

128 

Score (% correct) 


85 2 

85.2 

98,4 

100 


•Wrong choices of container to animal’s left ore italicized, errors to the 
right ore unitalicized. 
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errors possible on one situation, pei series, is iour, two errors repre¬ 
sent n chance score 

The lowest score obtained on any series was 81-per-cent correct 
choices, that is, three errors in 16 trials The maximum score on a 
series was 100-per-cent correct. It is possible that we could have 
obtained differentiation between the situations more rapidly if the 
delay intervals had been increased more frequently and by larger 
steps, but this would have involved the risk of an emotional upset 
which probably would have resulted in chance scores on all situa¬ 
tions. As It was, our subjects worked at a faiily high level of 
accuracy throughout the 512 trials given each, and the errors are 
distributed rather evenly throughout this period 

Using Yule's formula (II, p. 257, formula 2) the standard erior 
of a proportion, 



and Edgerton’s table of standard errors (1), we have computed the 
reliability of the differences m percentage accuracy scores between 
each of the six pairs of situations (128 trials each) for each subject 
The difference in scores between situations M-th and M-Sj and be¬ 
tween S-m and S-s, are statistically unreliable for both Alpha and 
Bimba; the highest among these four reliability coefficients is 1,5. 
The differences between M-m and S-m, M-m and S-s, Ms and 
S-m, and between Ms and Ss are reliable in both cases, the lowest 
critical ratio (Difference/Sigma of the difference) for Alpha is 3 47, 
obtained by comparing situation Ms with Ss, and the smallest ratio 
for Bimba is 3.9, found in relating situations M-m or Ms with S-m 
We may say, tliercfore, that as far as accuracy scores of cither sub¬ 
ject are concerned, the distance Between the two alternative points 
at or to which the overt motoi response must be made li relatively 
immaterial, regardless of the distance between the two food con¬ 
tainers. The distance between the food contatneis, on the other 
hand, is important, regardless of the distance between the ends of 
the two cords wiiich are used to draw in the food containers 
The response time, that is, the time elapsing from the moment that 
the doors were raised at the end of the delay interval, permitting the 
animal to respond, until the moment that the subject began to pull 
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TABLE 3 

Mb\n, Median and Mode op Response Times for Trials wuh and without 

Errors 



All 

Correct 

(N-478) 

Alpha 

situations 

Errors 

{N'34) 

Total 

(N-512) 

All 

Correct 

{N-468) 

Bimba 

situations 

Eirors 

(N-38) 

Total 

(N-50S)* 

Mn 

4 28 

9 82 

4.65 

4 67 

6 37 

4,80 

Mode 




20 

2,0 


Md 


40 


3 0 

3 0 



♦Records for 6 responses lacking 


on one of the cords, was measuied on each trial by means of a stop 
watch. Wc thought that this index might further differentiate the 
several situations employed, show changes as testing proceeded, and 
possibly indicate something about the relative degree of “certainty” 
with which the subjects made their responses. Actually the differ¬ 
ences obtained are small and not always consistent in direction. 
The data are summarized in Tables 3 and 4. The following points 
may be noted • (I) The distributions of response times are decidedly 
skewed, most of the values fall close to the minimum, one to two 
seconds (2) Times are longer m the trials containing errors than 
in errorless trials (3) AJpha shows a slight increase in speed of 
response from the first to the last half of the trials, Bimba manifests 
some slowing up as testing continued. (4) Response times tend to 
be longer when the containers are close together (situations M-m and 


TABLE 4 


Averacb Response Times for Each or the Four Situations and for Certain 
Combinations of These 



iV/-JK 

Af-s 

Sitnation 

S-m S-s 

Us 

S-m & 
S-s 

M-m & 
Ssn 

Ms& 

Ss 

Series 1-16 

4.5 

59 

Alpha 

3S 52 

5 20 

450 

415 

5 55 

Senes 17-32 

38 

49 

30 

34 

435 

3 20 

3 40 

4 15 

Series 1-32 

4,15 

5.40 

340 

4 30 

478 

3.85 

3.78 

485 

Series 1-16 

3 8 

52 

Bunba 

34 50 

4 SO 

4 20 

3 60 

5 10 

Series 17-32 

S7 

54 

5g 

44 

5.55 

510 

5 75 

4 90 

Senes 1-32 

4 79 

5 27 

4 60 

4 71 

5 03 

465 

4 69 

4.99 
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Ms) than when they are further apart {S-in and S-j). (5) Re¬ 
sponse times tend to be longer when the points of overt response are 
far apart {Ms and Ss) than when they are close (ihf-m and S-in), 
Certain qualitative diffeienccs in the behavior of Alpha and Bimba 
should be mentioned. Alpha habitually remained seated close to the 
center part of the icsponse-grille, moving to either side for response 
only after the doors were opened following the delay Bimba, in 
striking contrast to Alpha, nearly always moved about the restraining 
cage during the delay arid between trials. This movement was expen- 
mentally facilitated by introducing, after the first quarter of the 
experimental periods (senes 9-32), a systematic distraction. This 
consisted in dropping one-half of the incentive into one of the far 
corners of the cage at a fixed time after initiation of the delay period, 
The other half of the reward was obtained at response, if this was 
correct, [t is interesting to note that in spite of the large differences, 
both ‘^natural" and experimentally induced, in the amount of gross 
movement occurring during the delay interval, the relative accuracy 
of response on the four situations is very similar for the two subjects. 

Experiment 2 

Experiment 2 was carried out with two male subjects, Frank and 
Veit The same apparatus was employed and, m general, conditions 
were similar to those obtaining m Experiment 1. The principal 
differentiating feature of the present trials was the manner m which 
the three opaque doors, separating the subject from the working 
platform, were operated. In all trials given Alpha and Bimba, all 
three doors were raised together, both during baiting of the boxes 
and at the end of the delay interval In the present experiment, one, 
two, or three doors were raised, and not always the same ones at the 
end of the delay as at the beginning. It was hoped, in this way, to 
analyze in greater detail the factors promoting relatively greater and 
lesser accuracy of performance. 

One experimental session, consisting m from 16 to 32 consecutive 
trials, was given per day. All situations (arrangements of food 
boxes, cords, and doors raised before and after the delay) which were 
to be compared were given an equal number of times within each 
day’s work Instead of an irregular sequence, however, as employed 
in Experiment 1, all the day’s trials on a given situation followed 
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FIGURE 2 

Situations and Scorks, Experiment 2 


each other in imraediRte succession. Thus, if situations Number 1, 
2, 3, and 4 were being studied, and there were 16 trials per day, the 
sequence of trials would be 1, 1, 1, I, 2, 2, 2, 2, 3, 3, 3, 3, 4, 4, 
4, 4; during the following days the order in which the four situations 
appeared would be varied Left*nght position sequences were the 
same as those used in Expeiiment 1, orders A, B, Cj and D were 
used in sequence, regardless of the number of trials per experimental 
session. Situation sequences were made up for four, five, and eight 
situations whidi would provide an equal number of trials on each 
within a work period, which would give each situation each pos¬ 
sible position in the temporal order an equal number of times, and 
in which, as far as possible, each situation was followed by every 
other situation an equal number of times Since the latter condition 
could not always be met within the number of trials given, it was 
attempted to compensate for this factor by giving the two subjects 
different parts of the completely balanced order 
Results. Figure 2 shows ^iagiammatically the situations employed 
and the accuracy scores (percentages of responses' correct) obtained 
by each subject. The food boxes are represented by small circles, 
the cords by the parallel, converging or diverging lines, the doors 
opened during demonstration or baiting by the letter D, the doors 
opened when the animals responded by the letter R, All scores for 
a group indicate situations which were given together, i.e., which 
appeared during each of several consecutive work sessions. 
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In Table 5 are shown further details of procedure, and the number 
of errors made during successive series of 32 (m one case 48) trials 
on each situation. The numbering of the several situations is the 
same as in Figure 3 Chronological sequence is obtained by reading 
from top to bottom of the table. Response times are shown m 
Table 6 

Considering first Group J, both animals, we find that the situa¬ 
tions in which the food boxes are far apart (1 and 2) consistently 
give liiglier scores than those (3 and 4) in which they are close to¬ 
gether There aie only small scoie differences between situations 1 
and 2; m the formei the alternative points of response aie widely 
separated, m the lattei they are in close proximity. There is, how¬ 
ever, a very marked difference between scores on situations 3 and 4, 
and the direction ot difference is in favor of the situation in which 
there IS the smaller distance between the alternative response points. 
It may be noted that in situation 4 the animal does not get the same 
view of the boxes as it had when it saw them being baited; the sub¬ 
ject is forced to go to one of the choice (response) points before it 
can see the boxes. 

The group B tests on Frank again demonstrate the effectiveness 
of spatial separation of the boxes The score difference between 
situations 2 and 5 probably reflects disturbance occasioned by the 
novelty of all three doors being raised simultaneously. Situation 4 
again has the lowest score, although the difference between it and 
situation 3 is not as pronounced as before. 

The findings up to this point are in general supported by Frank’s 
group G tests. The score on situation 6, however, is lower than that 
on 8, which is contrary to what might be expected from the greater 
proximity of the boxes in the latter case. Perhaps the most obvious 
explanation for the lower score on 6 is the same as that given above 
for situation 4; the subject docs not get the same view of the boxes 
at the end of the delay interval as at the begmning, and it must move 
to one of the response positions before seeing the boxes On situation 
5, where the conditions would seem to be exactly the same as on 6 
except for the features just mentioned, the accuracy score Is 20 per 
cent higher. The much lower score on situation 7 than on 8 
suggests that the important element is the discrepancy between the 
number of doors raised before and after the delay Interval The 
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high score on situation 9 would then have to be explained by assum¬ 
ing that being foiced to go to the correct side gave the animal a 
superior and perhaps unique cue for response.^ 

The scores made by Veit in group B suggest that for this subject 
mere difteience between the doors employed at presentation and at 
response is not the important factor which it is for Frank—compare 
scores on situations 7 and 8. It seems fair to conclude, at least, 
that for Veit spatial separation of the boxes is the more influential 
factor This conclusion is supported by a comparison of scores on 
the seveial situations in group C, which shows consistently better 
peifoimance when the boxes are spatially well separated than when 
they are close together. 

Any marked changes which occur as a result of practice should be 
indicated by a comparison of successive scries within the same group, 
Table 5. Comparison of absolute scores from one series to the next 
is, of course, not legitimate, since variations in rewaid, length of 
delay interval, and number of trials per session are doubtless re¬ 
sponsible, to an unknown extent, for fluctuations in the general level 
of performance It will be noted that the relative difficulty (as 
measured by error scores) of the several situations within a group 
did not vary gieatly from one senes to the next Theie are very 
few changes m relative position or ranking according to scores. In 
this connection may be pointed out also the rather close agreement, in 
respect to relative difficulty of the several situations, between the 
records of the two subjects 

Inspection of Tables 5 and 6 indicates a relationsliip between 
number of errors and average length of response time. Ranking the 
situations within each group for both subjects (1) according to ac¬ 
curacy scores and (2) according to aveiage response time, and ap¬ 
plying the formula for rank differences, we obtain positive coeffi¬ 
cients of .80, 60, and .97 for Frank, .95, 80, and .27 for Veit. It 
will be noted that Frank's response times are quite consistently 
shorter than those of Veit. 

In regard to amount of gross movement in the restraining cage 
during delay intervals, Frank and Veit may be distinguished in the 
same way as were the two subjects of Expeiiment 1. Frank usually 

^Compare somewhat similar results and conclusions of Honzik (4) and 
of Elder and Nisaen (2) 
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did not move from the spot occupied during presentation until after 
the doors had gone up for response, although he occasionally pounded 
with his hands on those doors during the delay, as if impatient for 
opportunity to respond. Veit, on the other hand, moved around 
almost continuously, stopping only very briefly to watch the baiting.® 
In summary it may be said that the results of Experiment 2, in addi¬ 
tion to confirming those of Expciiment 1, suggest two further fac¬ 
tors influencing accuracy of delayed r^ponse performance: (1) 
Forced movement of the subject towards the correct side of the cage 
before the delay interval favors accuracy (2) Accuracy is decreased 
if the subject must go to one of the choice points after the delay and 
before it can see both food containeis. The later point gives further 
indication that response-differentiation was not the essential cue 
in these tests. 

Experiment 3 

In a previous study from this laboratory (6) it was shown that 
in delayed reaction chimpanzees make higher scores with small in¬ 
centives when iarge-incentive trials are interspersed among tlie small- 
incentive trials than when an experimental session consists solely of 
the latter. This finding is interpreted as indicating a perseverative 
effect of the reward; the use of a large incentive influences not only 
the degree of accuracy in that trial but also in the subsequent trial 
or trials. 

Experiment 3 was designed to determine whether successive trials 
influence each other also when not the incentive, but the difficulty of 
the problem, varies from trial to trial It has been shown above that 
situations S~s and S-m are easier, or elicit higher accuracy scores, than 
situations M-j and ikf-m when reward and delay intervals are the 
same for both. The question arises as to whether accuracy on the 
foimer two situations was depressed by the piesence of Ms and M-jn 
trials and whether, conversely, accuracy on the latter two situations 
was raised bj intervening S-s and S-m trials. The problem was at¬ 
tacked by presenting each pair of situations alone and together m a 
balanced series. 

^Neither maintained-onentatioa towards the "correct” food container or 
towards the end of the corresponding cord, nor remaining on the ‘'correct" 
side of the cage, was observed in any of our subjects. Why chimpanzees 
do not avail themselves of these apparently obvious and simple methods 
of meeting the problem situation ta itself an interesting question 
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Alpha and Bimba were used as subjects m this experiment, which 
followed immediately completion of Experiment 1. Except for the 
combination of situations within a work session, conditions remained 
unchanged. The delay interval was kept constant for each animal 
tliroughout this part of the work For Alpha a delay of 45 seconds, 
for Bimba of 120 seconds, was used. Reward was the same for both 
animals and of the same quality and quantity as befoie* one-sixteenth 
orange per trial There were always 16 trials per session, one 
session per day. The sequences in which situations followed each 
other within a senes and the iight-left sequences were irregular and, 
for the two animals, balanced The frequency of shifts from one 
situation to another was the same when two or four situations were 
included within a senes 

The situation-combinations and results are shown in Table 7. 
It may be seen that in each instance the accuracy scores on the two 
difficult situations, M-?n and M’-Sj are higher when these are inter¬ 
spersed by trials on the easy situations, S-tn and S-Sj than when they 
alone make up a senes Although the direction of these differences 
is consistent, their magnitude is not great enough to yield statistical 
leliability. The scores on situations S-m and S-s are practically maxi¬ 
mum, whetliei they arc mixed with M-m and M~s trials or whether 
they comprise all trials of a senes 

It may be said, therefore, that the presence of "easy" situations 
within a senes tends to raise accuracy on the more difficult situations 
as contrasted to accuracy when the latter stand alone Degree of 
difficulty, It seems, has a perseverative efifect similar to that pieviously 
demonstrated (6) for amount of reward 

There is no indication in our data that the presence of difficult 
situations affects accuracy on easy situations unfavorably. The lat¬ 
ter result may be a function of the general level of performance at 
which the animals woiked m these tests. 

Summary 

1. A delayed reaction appaiatus, employing the puIl-in technique, 
was arranged to permit independent variation of the distance (1) 
between two food containers and (2) between the ends of the two 
cords by which the subject could diaw m the containers 

2. Data obtained with four young chimpanzees show conclusively 
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TABLE 7 

number of errors in Eawi Situation for Each Session of 16 Trials 
When the CoMSination of Situations Employed Varied, Subjects Alpha 

AND Bimda. 

Maximum errors possible per session vnth two situations, 8 with four 
situations, 4 

Total trials per situation per animat, 32, of which 16 nre in combination with 
one other situation, 16 in combination with three other situations 


Senes 
number 
(16 trials 
each) 

Situations 

used 

Number 
of trials, 
each 

ailuation Mm 

Ms 

Errors 

Sm 

Ss 


A. 

Alpha 





1 

Mm Ms Sm Ss 

4 

0 

0 

0 

0 

2 

Sm Ss 

8 



0 

1 

3 

Sm Ss 

8 



0 

0 

4 

Mm Ms Sm Ss 

4 

0 

0 

0 

0 

5 

Mm Ms Sm Ss 

4 

i 

1 

0 

0 

6 

Mm Ms 

8 

2 

0 



7 

Mm Ms 

8 

2 

2 



8 

Mm Ms Sm Ss 

4 

2 

0 

0 

0 

Total errors, Scries 1, 4, J, 8 






(16 trials each situation) 


3 

1 

0 

0 

Totals errors 

1 , Series 2, 3, 6, 7 






(16 trials 

each situation) 


4 

2 

0 

1 

Percentage correct, Series I, 4, 5, 8 


81 

94 

100 

100 

Percentage correct, Series 2, 3, 6, 7 


75 

88 

100 

94 



B Bimba 




1 

Mm Ms Sm Ss 

4 

i 

0 

0 

0 

2 

Mm Ms 

8 

3 

0 



3 

Mm Ms 

8 

3 

3 



4 

Mm Ms Sm Ss 

4 

1 

1 

0 

0 

5 

Mm Ms Sm Ss 

4 

0 

1 

0 

0 

6 

Sm Ss 

8 



1 

0 

7 

Sm Ss 

8 



0 

0 

8 

Mm Ms Sm Ss 

4 

1 

0 

0 

0 

Total errors. 

Senes 1, 4, 5, 8 






(16 trials each situation) 


3 

2 

0 

0 

Total errors, 

Senes 2, 3, 6, 7 






(16 trials each situation) 


6 

3 

1 

0 

Percentage correct, Series 1, 4, 5, : 

9 

31 

8S 

100 

100 

Percentage correct. Series 2, 3, 6, 7 


63 

81 

94 

100 


that, for the distances used, increased separation of the food recepta¬ 
cles favors accuracy of response, whereas the distance between 
the ends of the two cords has little influence on performance scores. 
3. Results from Experiment 2 suggest two further factors affect* 




STIMULUS- VERSUS RESPONSE-DIFFERENTIATION 


135 


ing performance: (a) Forcing the animal to go to the correct side 
of the restraining cage before imtiation of the delay provides a su¬ 
perior and perhaps unique cue, of which chimpanzees do not, as far 
as our observations show, spontaneously avail themselves, (b) The 
necessity of going to one or the other choice point before both con¬ 
tainers are m view, at the end of the delay interval, decreases accuracy 
of performance. 

4. Response times (time elapsing between the end of the delay 
interval and the fiist pull on one of the cords) are on the aveiage 
longer for trials with error than for those in which response is 
correct. 

5 Two subjects, Alpha and Frank, characteristically sat very 
quietly duiing the delay intervals, while the other two, Bimba and 
Vclt, moved around in the cage irregularly and almost constantly 
during these periods. This striking difference in behavior had no 
inaikcd or consistent effect on relative scores obtained on each of 
the several situations. 

6. Experiment 3 indicates that accuracy scores on "difficult’^ situa¬ 
tions are raised by interspersing these with tiials on “easy” situations 

The results Summarized in paragraphs 2, 3, and 5 aie interpreted 
as indicating that the cue which spanned the interval in these delayed 
reactions did not involve, as its essential element, either the par¬ 
ticular critical lesponse required at the end of the delay oi the sensory 
differentiation of the two response-points It is suggested that the 
critical association was one between the visual appcdiance of the 
baited food containei and an approaching response or tendency. The 
data, however, do not rule out the fourth mam possibility, namely, 
of an association between the undifferentiated stimulus situation and 
a critical (differentiating) lesponse toward the food containers 
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the behavior of cats on several problems 

IN ASSOCIATION* 

From the Department of Pfyc/iohgy, Columbia University 


C. N. Winslow 


Although the of the cat to form the association between 

the manipulation of a mechanical device and the securing of reward 
has been confirmed by a number of investigators—Hobhouse (4), 
Thorndike (8), Berry (2), Shepherd (5), Teyrofsky (6, 7), Adams 
—little IS known of its ability to form the association when the 
cause and tlie effect are widely separated both temporallj^ and spa¬ 
tially In view of this fact, the purpose of the piesent investiga¬ 
tion ^vas to arrange an experimental situation in which the medium 
of the cat’s lesponse was more extensive and less integrated than in 
the usual problem-box situation 

Since an entire room was selected for the medium of response, 
the problem device and the reward could be separated by considera¬ 
ble space, thus increasing the difficulty of solution. Four specific 
problems were formulated, bi^ed upon the characteiistics of the 
experiment lOom and the complexity of the problem device. These 
were. 

1. Is the cat able to make the association between the pressing 
of a small platform at one side of the experiment room with the 
obtaining of a reward of food? 

2. Is It able to distinguish the different directions of the experi¬ 
ment room if the problem device is shifted to the several sides of 
the room? 

3. Is it able to recognize this pxoblem device (the platfoim) 
when It is included as a part of a largei configuiation? 

4. Is it able to shift its manipulative act from pressing the plat¬ 
form to lifting up a ring, when the latter is substituted for the- 
platform? 

Three cats were used in the investigation They belonged to the 
colony formerly maintained by Dr. Adams at Yale, All were born 

•Accepted for publication by C J Warden of the Editorial Soard, and 
received in the Editorial OfEce, June 20, 1935 
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and reared in a laboiatory and had not been used in any previous 
experiments. They were Tiash, a brown tabby, female, aged 
years; Ila, a silver grey female, aged 1 year; and John, a yellow 
male, aged 1 year. During the present investigation they were 
housed in a large airy loom on tlie tliird floor of a university build¬ 
ing with freedom for walking and climbing The same diet as 
that used by Di. Adams with liis colony at Yale pioved satisfac¬ 
tory The reader is referred to Di Adams’ paper for the formula 
(1). To obtain sufficient motivation the animals were kept hungry 
for 20 to 24 houis, and were then fed after the final trial of the 
day. They were also fed at this same hour on other days. A large 
part of the experimentation was conducted in the evening. After 
the first lew days the cats appealed well adjusted to the laboratory 
routine, and weie usually well motivated. 

The procedure followed was to place the cat alone m the experi¬ 
ment room with the experimenter making observations through a 
sm.all peep-hole in one of the walls. The experiment room was 
built of insulating material (Homosote board), with each side 
408 cm long and 198 cm. high. The door was placed at the center 
of tlie north wall, which was also in the direction of the living 
quarters. The only break m the homogeneity of the room as seen 
from the inside was the door-knob. The floor was painted a battle¬ 
ship grey, but the walls were left unpainted Lights of 110 volts 
were placed near each of the four corners of tlie ceiling to insure 
ample lighting 

To determine if the cat could make the association between pres¬ 
sing the platform and securing the reward, problem A was pre¬ 
sented, in which the platform was placed at tlie center of the east 
Willi of the room (Figure 1). To find whether the cat could then 
distinguish behveen the diffeient directions in the room, problems 
B and G were presented in which tlie platform was moved to the 
center of the south and west walls, respectively The platform was 
made of Homosote board and was painted with a black and white 
horizontal stripe, with the black turned toward the wall (Figuie 2). 
Its dimensions were; length 19 5 cm., width 14 cm., thickness 1 cm. 
It stood 6 cm from the floor resting on an electrical contact key. 
A base with two electrical poles supported the key and platform. 
To the poles wires were attached leading to an electric magnet. 

A piece of liver was used as reward throughout the experiment. 
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FIGtIRE 1 
Bxfbmmbnt Room 

Plan of the experiment toam, showing the platform in place for each of 
the problems, A, B, and C. L denotes the cover orer the liver at the center 
of the room. Distance between liver and platform at any aide of room 

la 189 7 cm 



5 

A 


FIGURE 2 
PLATTORM 


I, Side view of platform (A) platform itself, (C) base of platform with 
wire leads. 11 Top of platform (A) part painted white, (B) part 

painted black 


Tins was placed beneath a heavy wire circular cover 28.5 cm in 
diameter, which allowed the cat to sec and smell the liver without 
being able to obtain it until the problem was solved. 

Problems /Jj and G were solved when the cat piessed the plat¬ 
form This brought together the contact points under the platform, 
which formed the circuit through the electric magnet. A piece of 
steel at the end of a rod in this way became magnetized A niche 
was made m the rod and into this niche a wooden bar was held in 
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suspension when the circuit was open, but was released when the 
circuit was closed. The bar, when it was released, served to lift 
the cover from the liver by means of a cord and pulley, tliereby 
enabling the cat to secure the leward The cord was fastened 
to the cover by a hook and snap At the other end of the cord were 
tied several weights so that the cover could be raised more rapidly. 
The batteries and magnet were located on an outside wall of the 
experiment room A pile of cushions and pillows muffled the noise 
of the weights when they fell, so that distractions from this source 
were reduced to a minimum 

In order to study the ability of the cat to recognize the platform 
when it was contained as part of a larger configuration, it was 
attached to the end of a box 56 cm by 38 cm., painted gray (Fig¬ 
ure 3). Tlie upper end of the platform came flush with tlie upper 



FIGURE 3 

Box WITH Platform Inverted and Attached to the End 

end of the box. To press the platform in this case, therefore, the 
cat was obliged to reach up about four inches. The box with plat¬ 
form attached was first placed at the center of the west wall m 
problem D, at the center of the south wall in problem E, and at 
the center of the east wall in problem F, 

In problem G the box was retained as pait of the configuiation, 
but a ring was substituted in place of the platform. This ring, as 
shown in Figure 4, was on the top of the box so that solution of the 
problem demanded lifting up the ring. By means of a mercury cup 
placed inside the box, the cover was raised from the liver in the 
same way as described above m the case of pressing upon tlie plat¬ 
form. During problem G the box was located at the center of the 
south wall 

Four or five trials were usually given in a series on each day of 




behavior of cats on association problems 


141 



figure 4 

Box WITH Ring Attached at the Top 


experimentation, with about five minutes between trials. It was 
sometimes found necessaiy, however, to vary this schedule in order 
to conform to the motivation of the animal Generally there was 
an interval of two days between each series of trials. The norm of 
mastery was the immediate manipulation of the problem device in 
foui trials out of five This piecluded any random or explorative 
behavior of the animal after it was put into the experiment room 
The results arc represented in Tables 1 to 4. These show the 
length of time in seconds per tual for each cat and the method of 

TABLE 1 

LENOTH OF Time in Seconds Per Trial for Each Cat and the Method of 
Solution Used in Each Trial on Prodlem A __ 


John Trash Jn 

Time Time 

Time Order of in Order of in 

Tr.al msec. Solution response sec Solution response sec. Solution 


Time 

Trial in sec. Solution 

1 1892 2 f paws 

2 1200 Failure 

I 464 Nose 

4 969 Nose 

5 1021 Nose 

4 854 Nose 

7 215 Nose 

8 151 Nose 

9 5 Nose 

10 22 Nose 

II 8 Nose 

12 5 Nose 

13 4 Nose 

U 4 Nose 


L-W^E 

L-W-^E 


4 paws 


LN ->E 

111 

r.f paw 

W-L-> 

L E 

600 

1 f.paw 

L E 

L^E 

255 

r f paw 

L->E 

L-> E 

121 

rf paw’ 

L->E 

L-^E 

102 

r f paw* 

L E 

L->E 

28 

r f paw 

L E 

L-»E 

8 

rf paw 

L^E 

L->E 

11 

r f paw 

^ E 


19 

r f paw 

-»E 

^E 

10 

r f paw 

E 

->E 

6 

r.f paw 

•>E 

-»E 

6 

rf paw 

^ E 


6 

rf paw 

E 


11 

rf paw 



L E 720 

L-W-^E 720 
W-L-> E 720 
L E 600 

L E 600 

L->E 600 
L E 600 


Failure 

Failure 

Failure 

Failure 

Failure 

Failure 

Failure 
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TABLE 2 


LENcnn OF Time in Seconds pkr Trial for Each Cat and the Method op 
Solution Used im Each Trial on Problem B 


Trial 

Time 
in sec. 

John 

Solu¬ 

tion 

Order of Time 
response in sec 

Trash 

SolulJoo 

Order of 
response 

1 

20 

Nose 

S 

14- 

r f paw 

L-> S 

2 

12 

Nose 

e-^S 

13 

r f paw 

L -> 8 

3 

55 

Nose 

E-> S 

12 

r.f paw 

L S 

4 

41 

Nose 


90 

No solution 

L->E 

5 

25 

Nose 

E-> S 

15 

rf paw 

L S 

6 

21 

Nose 

E^S 

14 

r.f. paw 

S 

7 

7 

Nose 

^ S 

9 

r.f paw 

-> s 

8 

9 

Nose 

-> s 

S 

r,f paw* 

s 

9 

S 

Nose 

s 

101 

r.f paw 

E L -> E S 

iO 

5 

Nose 

^ s 

10 

rf. paw 

e S 

11 




99 

r.f. paw 

L S 

12 




12 

r.f paw 

S 

13 




9 

r f paw 

-» S 

14 




16 

rf. paw 

S 

IS 




7 

rf. paw 

-» S 


TABLE 3 

Length of Time in Seconds per Trial for Each Cat and the Method of 


Solution Used in Each Trial on Problem C 

Trial 

Time 

John 

Solution 

Order of 
response 

Time 

Trash 

Solution 

Order of 
response 

1 

11 

r f paw 

S-E->^W 

10 

r f paw 

L-S ^ W 

2 

9 

Nose 

S-> W 

14 

r f paw 

L-S -> W 

3 

8 

Nose 

S-E-»W 

13 

r.f paw 

L-S-> W 

4 

8 

Nose 

S-E-> W 

9 

r f, paw 

L-S-> W 


4 

Nose 

S-E-> W 

8 

r.f. paw 

L-S W 

5 

6 

Nose 

S-E-> W 

4 

r.f paw 

-» W 

7 

3 

Nose 

S-E-> W 

3 

r f. paw 

W 

8 

S 

Nose 

S-E-> W 

9 

rf. paw 

S-> W 

9 

44 

Nose 

S-E-» W 

7 

r.f. paw 

L-S->W 

10 

5 

Nose 

S-E-> W 

£ 

r f paw 

L-S -> W 

n 

11 

Nose 

S-E-> W 

4 

rf, paw 

^ W 

12 

7 

Nose 

S-E-> W 

16 

X f paw 

S-E-» W 

13 

5 

Nose 

8-e W 

11 

r,f paw 

■» W 

14 

4 

Nose 

8-e^ W 

5 

r.f, paw 

S-» W 

IS 

15 

Nose 


4 

r f paw 

W 

16 

16 

Nose 

S-B-> W 

9 

r.f paw 

-> W 

17 

3 

Nose 

s-e W 

S 

r.f paw 

W 
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TABLE + 


LENCTK OF Time in Seconds per Trial for John during Problems D, 
^ E, AND P 


Trial 

Problem D 

Time Order of 

in see. response 

Problem E 
Order of 
Time response 

Problem F 
Time Order of 
in sec response 


720 

E-S->W 

7 

E 

4 

1-»S 


720 

E-S ■> W 

17 

L-W-»E 

4 

■> s 


124 

N-S-L ^ W 

6 

L^E 

5 

^ s 


238 

E-S W 

7 

-» E 

4 

■»s 

5 

4+ 

E.S-> W 

14 

W-»E 

4 

->s 

c 

11 

E-S-^W 

15 

e -> W 

14 

1 8 

7 

22 

E-S -> W 

9 

E 

6 

•>S 

g 

35 

E-S W 

17 

■» E 

22 

1->S 

9 

48 

E-S-> W 

28 

E 

11 

S 

10 

36 

E-S W 

46 

l^E 

5 

S 

11 

17 

L-> W 

16 

1->E 

10 

S 

12 

8 

E.S-> W 

6 

-> E 



13 

14 

E-8->W 

4 

-» E 



14 

13 

E-S-^W 

5 

•»E 



IS 

17 

E.S-» W 

4 

1 E 



u 

11 

E-S^ W 

3 

■» E 



17 

19 

E-S ->W 





18 

15 

e-8->W 





19 

5 

E-S ^ W 





20 

S 

c-8->W 





21 

8 

e-S-»W 





22 

5 

E-8-»W 





23 

7 

E-S-»W 





2+ 

5 

e-8-> W 





2S 

6 

e-s *> W 





26 

6 

c-s W 





27 

6 

e-9 -> W 






response used in each trial In reading the columns in the tables 
under the caption “ordei of responses” the letters Ej Nj and 
refer to the diftcrent sides of the loom in the oidei in which the 
animal went to them. The L lefeis to sniffing of the livei and trying 
to obtain it by biting and clawing. The small letters indicate that 
the cat only looked at that paiticulai side of the room or at the liver 
without actually going to it 

It will be seen by examining Table 1 that one cat, Ila, failed com¬ 
pletely on problem A For this reason she was not used on any of 
the following problems. The other two cats, however, will be seen 
to have mastered the problem in a comparatively few number of trials, 
John showing the better record of the two. The time in seconds is 
a fair measure of the amount of random activity on the part of the 



144 


C. N. WINSLOW 


animal. In the first few trials it could be said that the cats were 
motivated by the desire to explore, and, in the case of both these 
animals, stepping onto the platform was apparently accidental at its 
first occurrence, since the cat continued its explorative behavior and 
did not see that the liver was now obtainable. Soon after the animals 
■were placed in the room for the first trial, they found the liver, and 
proceeded to attack it vigorously with tooth and claw In subsequent 
tiials, until the association between platform and livei was learned, 
the cats went to tlie liver as soon as they were put into the room. 

The reactions of Ila in the experiment room were quite different. 
She appeared to be fiightened by the solitary confinement, and spent 
a great deal of time in sitting near the door, washing herself vigor¬ 
ously. She sniffed of the platform several times, but did not step on 
it in any of the tiials. 

It will be noticed In Table 1 that there is a sudden drop m the 
length of time required m trial 9 for John, and in trial 8 for Trash. 
This marks the point where the two cats no longer spent much time 
in attacking the cover over the liver, but went to the platform soon 
after entrance into the experiment room. In the successful trials 
they disregarded the liver until they had pressed the platform 
They then turned to look at the cover as it was raised, and immedi¬ 
ately dashed to seize the reward. 

The ways in which these two animals pressed the platform dif¬ 
fered markedly, as the table shows. After the first tTiai, it wili be 
seen that John rubbed his nose on the edge, which behavior was 
habitual throughout the remainder of the experiment The response 
of Trash was less stereotyped, however, as may be observed. Al¬ 
though she used her right fore paw in most cases, she sometimes 
used lier left fore paw, this apparently depending upon the direction 
from which she came to the platform 

The data of Table 2 show that both Trash and John learned to 
distinguish the south side of the room from the others, although 
John’s record is superior to that of Trash In the first trial both 
cats went first to the east side of the room where the platform had 
been located m problem A, They appeared to be disturbed by fail¬ 
ure to find it They then attacked the cover over the liver, a type 
of response that had dropped out at the end of problem A There¬ 
upon both animals walked around the room, discovering the plat- 
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form m its new location, and pressing it as m problem A. The habit 
of going to the east side of the room persisted m the case of John 
until trial 7, in which the length of time dropped from 21 seconds 
to 7 seconds After this he went directly to the platform at the 
south wall. After trial 1 Trash did not approach the east wall 
again until trial 9, when suddenly this response reappeared, together 
with a large amount of random activity. In the subsequent trials 
on the problem, however, she went directly to the north side of the 

room * 

The results of shifting the platform from the south wall to the 
west wall m problem C are shown in Table 3 It proved to be 
more difficult lor the cats to distinguish this direction than that of 
pioblem B. Probably this can be accounted for by the fact that 
the west wall was directly opposite the east wall. As the data of 
the table show, John never went directly to the west side of the 
room upon entrance, but always came to it after having gone around 
the cast and south sides, usually in that older. Trash however, 
after trial 7, went directly to the west wall, making the counter¬ 
clockwise turn Both cats tended to go to the south side consideiably 
more often than to the east, indicating the greater strength of the 
more recent response in problem B over that of problem A. 

In Table 4 arc presented the results of problems D, and F. It 
will be noted that John was the only cat able to respond to the 
platform ns a part of the larger configuration of the box. As is 
shown in the first column, problem Dj in which the platform was 
first fastened to the box, was the most difficult, although the plat¬ 
form remained at the same side of the room as in problem G The 
rapidity with which the cat recognized the platform is remarkable, 
however, since in trial 3 the platfoim was found and rubbed with 
the nose as it had been when placed on the floor. This manner of 
manipulating the platform continued throughout these problems 

Problems E and F were readily learned, as the time scores sliow, 
and the animal after the first few trials was going directly to the 
platform at the end of the box. The experience gained m problems 
S and C undoubtedly facilitated it. 

John was carried over to problem G, in which the platform 
was removed from the end of the box, and the ring to be lifted placed 
on top After failure to lift the ring in ten successive trials of 20 
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minutes each the problem was considered to be insoluble In the 
first few trials the animal went directly to the box and seaiclied 
for the platform, but only on the end of the box to which it had 
been fastened in the preceding problems. Not finding it, he rubbed 
his nose as much as ten times on the corner of the box, turning to 
look at the cover over the liver after each act. In later trials this 
behavior disappeared and the unadaptive responses which were com¬ 
mon early in the experiment reappeared. These included attacks 
with tcetli and claws upon the cover over the liver, long periods of 
sitting on the floor between the box and the cover, devoting most 
of the time to washing. Occasionally his behavior became rediiect- 
cd towaid the box, but in the last two trials it disappeared com¬ 
pletely 

This experiment, the wiiter believes, presents a clear picture of 
the behavior of a cat when in a baffling problem situation Each of 
the cats used apparently progressed to the level of response witlim 
its capacity, and thereafter manifested unadaptive behavior when 
placed in more difficult situations Washing and mewing arc com¬ 
parable to the frequent plucking of the hairs described by investi¬ 
gators who have studied monkeys in difficult problem situations. 

The results obtained show quite clearly that the cat can make the 
association between the manipulation of a mechanical device and the 
securing of reward, although they are widely sepaiated m an expeii- 
ment room. It is evident, therefore, that the cat is not limited in its 
response to the spatial and temporal juxtaposition characteristic of 
the usual problem box. The results also indicate that cats can 
learn to distinguish directions, since they so readily found the plat¬ 
form when it was shifted from one side of the room to another. It 
is suggested that cats can respond to an clement previously experi¬ 
enced—in this case the platform—^when it is contained as a pait of 
a new configuration—the platform on the box. The data on this 
point, however, are too meager to permit generalizations, since only 
one of the three cats could master the problem The platfoim, 
wherever found by John, served to call up the same response in the 
animal—rubbing it with the nose. 

Conclusions 

It may be concluded from the results of this experiment that: 

1. The cat can learn the association between the manipulation 
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of a mechanical device and the reward of food, even when they are 
wdely separated both temporally and spatially. 

2. The cat can find and manipulate in the same way the mechani¬ 
cal device when it is changed in location from one direction of the 
room to another. 

3. Changing the mechanical device from a distinct element to a 
configuration in which it is only a part does not tend to prevent 
the cat’s recognition of it or alter the response. Only one of the 
three animals solved this problem, however. 

4 The substitution of a ring to be lifted for the platform to be 
pressed is apparently too difficult for the cat, since all three animals 
failed. 
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LE COMPORTEMENT DES CHATS SUR PLUSIEURS PROBLllMES 
D’ASSOCIATION 

(R6sum6) 

Cette experience a dte un test de I’habiletd du chat ik former I’association 
entre la manipulation d’un machin mecanique et I’obtention d’une recom¬ 
pense, quaod cas deux aspects ont 6th plus ahpares tsiuporellement et 
spatialement que I’on n’a fait ordinairement dans la situation ordinaire de 
la boTte ^ probUme, Le machin mecaniquc employe a dte une petite plate- 
forme, dont in pression par le chat a ferme de quelque fagon un circuit 
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^lectriciue pour enlevcr un qouvercle lourd At la recompense de foic Cette 
recompense s'est trouvec au centre de la aalle et la pJafe-forme d'un c6te 
d la distance de 1S9,7 cm. Deux dea chats employes comme sujetH ont appris 
cette nsaaciation dang un temps reUnvement court, 1+ tt 16 ipreovea, re- 
spectiveraent. Le trolsf^me n’a pas du tout riaaai, et oo ne I's done employ^ 
sur Bucun dea probUrncs avancca, Quand on a change la plate-forme aux 
plusieurs cot6a de In salle, U chat a an faire I’association, avee peu d’lnter- 
venlioii de la premiere aasociation. Le problinne a iti plus comp]jqu6 quand 
I'on n attach^ In petite plate-forme au bout d’une grande boite, changcant 
aina! la configuration L’un dcs chats n appro ceci sans difficult^, puisque 
la plate-forme a fait venir la rnSme rfpotise qui a eu lieu quand la plate- 
forme A iii isolee Tous les nnimauz n'ont pns r^ussi & apprendre A 
cniever un annenu sur le sommet dc la boite, quand on I’a 8Ubstitu6 ^ la 
plate-forme sur le bout de la boitc 

VViNSLowf 


DAS VERHALTEN DER KATZEN BEI MEHEREN ASS02IATI0NS- 
PROBLEMEN 

(Referat) 

Dieses Experiment war erne Piufung der Fahlgkeit einer Katze, die 
Assoziatlon zwischen der Kandhabuog ernes mcchanischen Apparates und 
der Erteichung cincr Delohnung zu bilden^ wenn dicse zwel Seiten des 
Versuches sowohl zeltlich ala auch raumlich weiter getrennt werden, als bia 
jetzt bei der gewqhnlichcn Problemkastensituntion getan wurde Der 
jjjfchaniscbe Apparat bestond aus einer kleinen Plaltforn), die durch einen 
Druck von der Katze aut irgendeine Weise einen elektrischen Strom scKlosa, 
vvelcher einen Deckel aufhob, um die LebCtbclohnung aufzudeckcn. pie 
Belohnung war in der Mitte des Zimmers und die Flattform stand zur 
Seite in einer Entfernutig yon 159,7 cm Zwei der gebr.iuch(eii Katzen 
lernten diesc Assoziation verhaltmsmassig schnell in 14- bzw, l6 Proben 
Der dritteA misslang es vollkommcn und (olgiich wurde sie in fortgeachnt- 
tenen Expejimenten nlcht gebjaucht Wenn die Flattform nach den 
verschiedenen Sciten dcs Zimmers verschoben wurde, war die Katze fahig, 
die Assozialion mit wenig Einmischung von der ersten AsgozUtion zu 
bllden. Das Problern wurde dadurch verwickelter gemacht, dass die Platt- 
form An ein Ende dcs Kostens befestigt wurde, so dass die Konfiguration 
gcanderC wurde. Eine der Katzen bemeisterte dies ohne Schwiengkeit, 
indcm die Plnttform diesclbc Reaklion hervorrief, die vorkam, wenn die 
Plattfonn isoliert war. Es misslang alien Tieren, eine Glocke auf dem 
Kasten ertbnen zu lassen, wenn sie durch die Flattform am Endea dcs 
Kastens ergetzt wurde, 


Winslow 



VOCAL SYMBOL FORMATION AS A FUNCTION OF 
READING ABILITY* 

From the Department of Psychohffy, Brown Unwersiiy, and the Boston 
Psychopathic Hospital 


M. S. Card and F. L Wells 


Summary 

The experiments’- here reported utilized a short test composed of 
a seiics of ten subtests which might be regarded as five pairs of 
equivalent tests, one of which served as a control for the other* {a) 
a test in the naming of a series of actual objects and one in reading 
the printed names of the objects previously identified; {b) a similar 
pair for pictured objects and (c) another for colors, (d) tests m the 
naming upper and lower case letters, respectively, (e) one in naming 
digits and one in simple addition. In a, b, and c one series of tests 
permits a measurement of the capacity for symbol formation essential 
to naming while the other does the same with respect to reading, 
one capacity may be stated in terms of the other and the relation 
between the two is set forth. The test was administered to school 
pupils who were normal readers of different mental age levels; a 
senes of norms was obtained and ratios were figured; estimates of 
the distinct capacities at various grade levels and numerical state¬ 
ment of relationships was thus provided. The manifestation of 
specific reading disability by a relatively low pioficiency in the 
reading tests is presented in the brief note of clinical observations on 
the use of this test with cases of reading disability 

Subjects 

In choosing the subjects for these expeiiments, effort was made to 
obtain a representative sample of the general school population. 
Since the age lange of the first to ninth grades was to be covered, 
It was necessary to take subjects from more than one school, but 

•Accepted for publication by Leonard Carmichaei of the Editorial Board 
and leceived in the Editorial Office, April 4, 1935 

^The standardizing experiments and the preparation of the manuscript 
describing them are the work of M S Card. The procedure in question was 
organized by P. L Wells who also cooperated editorially concerning the 
manuscript, and added the paragraphs pertaining to reading difficulty cases 
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the two schools chosen were both public schools and located near 
to one another; their student bodies were considered as similar and 
as nearly typical as could be found wdth respect to distributions of 
wealth, nationalities, and intelligence. 

The limitations of the experiment set the number of subjects at 
approximately 250; there were five groups in eacli of which were 
at least 50 children. Each group was composed of pupils from one 
of the odd-numbered grades from the first grade through the nmtli. 
It seemed desirable to include the whole grade whenever practicable 
and this was done in the first, third, and fifth grades, making the 
numbers in those groups slightly higher. In the seventh and ninth 
grades, where selection was nccessaiy, it was in each case done m a 
way to preserve the intelligence distribution of the whole grade. 

The number of cases and their grade distributions wcie S6, 53, 
61, 60, and 55 in the first, third, fifth, seventh, and ninth grades re¬ 
spectively, making a total of 285 cases actually used. 

Mental age ratings were obtained through the courtesy of the 
public school officials and were based almost entirely on group tests 
given every three years, The school program of testing does not 
permit more frequent regular examination of any one group and 
individual tests are not usually possible. Although nearly all the 
subjects had been tested within a year of the date of this experiment, 
the mental age ratings used are less reliable than desired, but it was 
not possible to trespass further upon the school time in order to secure 
others. 

Materials 

Tile materials for this test are readily available; most are to be 
found among the usual office supplies and reasonable skill in office 
techniques is all that is required to assemble them. The first sub¬ 
test utilized a set of commonly seen objects, the others are typed or 
mounted on standard 3"x5" cards, which are most conveniently 
placed m a Kardex or Rand visible index holder. A small-size 
holder gives space for alternate series since there are only nine cards. 
Any card in it is easily selected and exposed to clear view and is 
automatically put out of sight when the experimenter turns to 
another. If a protective covering is desired for individual cards, 
pieces of cellophane or some similar transparent substance can be 
placed over them. 
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FIGURE 1 


Siihinl I. Xaninii/ Jifmil Ohjccl^ A collixtion of 24 -well- 
known obJcx^^ listed below .mil illusti.itcil m Fitnue 1 is needed foi 
il ls lest 'I’lici should be the aitidcs .is used and seen in eiciyday 
life, the f.imili.ii Sizes anil designs, not raiiiMtuie leiilitns oi unusual 
ivpts Ihe c.scntiil point is that all should be casih icuiKiii/ed 
'This -^lunild I’c keii in mind in the a.'-cmbling and abo in the 
at langenunt 
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It IS .idvisable to mount the collection m some way but the means 
of (loiiiK this must not lenilci identification difficult Tiansp.ucnt 
[gummed tape m a stionj? (jlue like LePage's oi Duco wateiproof 
cement is lecommcndcd In this cxpeiiincnt the objects wcie fastened 
on tluee scpaiate cauls ot appioxnnatcly 6"xll" each as they wcic 
found easy to tianspoit Ease of iccogiiition is again consi'deicd in 
the space allowed between objects. 

Maintenance of equal difficulty in naming is .isststed by oulenng 
the vaiious Items so that associations between those winch aie adja¬ 
cent shall play the minimum pait in tlie naming pioLCss, the brush 
will not he nc\t to the comb oi tootlilnush foi instance, noi the sciew 
bcsulc the nail, 

List of 24 acliinl objects 

brush scissors (ilc coik 

folk pockei-book cirnib sIuhk 

(oothhnish slioesiring dothespm pen 

bottle scren penoy nail 

knife iniimr tliiinbic satelv-pin 

spoon spool stamp button 

Sulftfsl 2 N<niitiu/ Cohis This test, iHiistiated in Figinc 2, 
mili/cs 40 Dennison gummed dots Thcic .ue ten of each of 
the foiii colois, all m foui lows and ten to a low The oiangc, 
green, blue, aiul icd discs aic aiiangcd witliin the lows so that no 
tluee of the same color aic togcthci and cvciv coloi appeals in each 
low Oiangc was used heic because yellow was not available This 
piobablv uidens tlie gap between the colois and the coloi 'wouls, 
whcic yellow is used. 

Siibtest ? Naming Digits. The caid foi this test is shown, out 
of the holdci, togcthci with those loi all tlic succeeding tests, in 
Figuie ^ 

’riie digits, 0 to 9 inclusive, aic typed on one lo^v in a chance oidei 
winch is icveised in the next, they aic m anotliei chance oiilei in 
llie tliiul line, It being icveiscd to make a fouith 

Sitblcit / Naming Lotvei CaseLefieis The Icttcia of the alpha¬ 
bet, in chance oidci, aie in hvo lows of louci ease t\ping A thud 
row icpcats the Ictteis of the second but iii icvcisc sequence, and a 
fourth does tlic same with those of Row 1 
Subtest 5 Naming Uppei Case Leileis This test is made up m 
the same way with the lettcis in a new orclci and typed in capitals 
Sribtest 6 Naming Pictuies. Ten pictuies, in this instance, fiom 
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Cjiiirr C J\IveJ^ (Chicajru. Ncn'J.oiJ, 192], used by peunibsion) aie 
miiuiued uii a caul ,\s shouiv in Fitriue 3 'I'he buhjects illusti.Ucd in 
one sciics .ue a (.li.ui, laddci, kettle, banjo, tiee, cow, bottle, bud, 
c.iniel, ,ind book 
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test Aiiaiii cml\ lowci ca^-'c tvpiiij; is used and the wouls folloAv one 
aiiothei in hius .o, -lioun in the plate 
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in difficulty to those used as names of the picture objects in Test 6 
arc the material of this test. 

Subtest 10: Addition Twenty sums in simple addition make up 
this test. They aie preceded by two illustrative examples to which 
the answers are given 

Procedure 

The brevity of these tests and shoit periods of time utilized make 
It desirable to observe special precision in all matters affecting tins 
time clement. Any close observation of the mateiial or preliminary 
study of It IS to be avoided with particular care, the procedures 
which determine such opportunities should be carefully standardized 
and exposure of the material, previous to the timed performance, 
restricted to the necessary minimum 

Foi this reason, it is advisable to describe the nature of the task 
in advance, saying, for example, "Now I am going to show you some 
pictures and ask you to tell me the names of the things you sec,** 
before allowing the subject to look at all. When the sentence has 
been spoken, or during its closing words, the examiner may turn to 
the proper card with tlic words, “Now go ahead and tell me as fast 
as you can what you see there,” or simply, "Go ahead now.” In 
this manner, one can successfully synchronize the beginning of the 
timed test performance with the first view of the test material. 
While the pioper moment to start the stopwatcli cannot be stated 
exactly, it can, in most cases, follow very closely, or be coincident 
with, the display of the material. 

While speed should not be stressed so that the emphasis has a 
detrimental effect upon othci aspects of the pciformance, the signifi¬ 
cance attributed to time scores obviously calls for attainment of a 
maximal speed of response. Furtheimorc, subjects who might re¬ 
gard the tests as childish and unintciesting are often aroused to exert 
themselves to the utmost by the idea of a speed test. 

The recording and classification of responses is described in detail 
in the procedure for Subtest 1 and should be observed throughout 
the series; the special questions raised in tests involving repetition 
of stimulus are discussed in connection with the giving of Subtest 
2 and all said there applies in other tests similar to it in this respect; 
the procedures of all similar or obviously comparable tests should be 
considered together—that for upper case with that for lower case 
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letters, Name Actual Object Words with Naming Actual Objects, 
Naming Colors with Naming Color Words, etc. 

Errors or unusual responses are recorded and their source noted 
whenever it can be determined; as carelessness, poor visual discrimina¬ 
tion, perseveration, a tendency to make reversals, etc. 

Subtest 1. Naming Actual Objects The display of actual obj'ects 
is arranged at the edge of a desk or table where the child can see it 
all plainly and without effort. 

Examiner: “Now 1 am going to show you some things I have 
here and as I point to each one you will tell me the name as quickly 
as you can.” 

All being in readiness, the first object is indicated, the examiner 
saying, “Tell me what this is.” “What is the name of this?” or 
“What do you call this?” Moie explanation is rarely needed than 
that given above and pointing alone usually suffices to bring forth 
the names of the other objects. 

While there is no set order of naming, it is well to have a 
regular sequence, preferably one which seems most natural—acioss 
from left to right or by groups, according to the particular arrange¬ 
ment of objects 

There must be no delay m indicating the next object if the total 
time scored is to be truly that required by the process of recall. 
On the other hand, the move must not be made so soon as to be con¬ 
fusing. Jn genera], the good moment is during the enunciation of 
the name; provided, of course, the name spoken is, or promises to be, 
acceptable as correct 

If the word given by the subject is not one which can be con¬ 
sidered correct for the object designated, the examiner continues 
pointing to the misnamed article with care, however, to observe the 
time limit involved. The error may be corrected without anything’s 
being said by the examiner, or assistance may be neccssaiy. Such 
assistance should be confined to remarks or questions which will aid 
the child’s realization of being in eiror, remarks such as “Think 
of some other name,” or such queues as “What else is it called?” 
Supposing the word “brush" has been given as the name of the tooth¬ 
brush, the inadequacy of this may be indicated by asking what kind 
of a brush, lack of precision will be penalized in the tune score, 
since the watch runs continuously, yet it will not be mistaken for 
Ignorance. 
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The object of the *est is to dcteimine the total time required by 
the given subject for the recall of the names associated with this 
set of articles, and thus the name sought is the one naturally used 
by the given individual, the one which his experience connects with 
the thing designated. Responses are to be considerately judged in 
this light and not merely as if this were a vocabulary test; “pencil" 
should not be accepted for the stimulus, pen, for that is an object 
correctly named in all normal experience, but “bobbin*' might be 
a satisfactoiy response to the spool from a textile worker’s child 
An inquiiy as to what the thing m question is called at home may be 
made at the end of tlie test and it usually serves to settle the status 
of the offeree] name. But a tentative decision at least must be made 
at once, for these special facts cannot very well be brought out until 
Inter 

A satisfactory name is obtained within five seconds or the cor¬ 
rect one is supplied at the end of that period, more than five seconds 
is never to be spent in seeking a correct response to any one stimulus. 
This is a limit set in all the tests, a maximum of five seconds for any 
one item 

On the completion of each of the ten tests, the total time re¬ 
quired for its performance is noted in the space provided on the test 
blank; unusual responses are recorded in the margin in the manner 
to be described. Those classified as errors are counted and the total 
entered in the appropriate space on the test blank. Stimulus and 
response are written, stimulus first always, in this way: horse = 
house. Three types of mistaken responses are recognized and 
variously distinguished in the recoiding These types and their 
notation are as follows* 

1, The spontaneously corrected response which is underscored 

horse = house 

An entry of this sort records a mistake which the subject cor¬ 
rects entirely of his own accord without either suggestion or assist¬ 
ance of any kind from the examiner. This type of response is not 
counted as an eiror. 

2. Erroneous responses, not spontaneously corrected, denoted 
by simple recording. 

horse = house. 

This simple recording indicates an error which the subject does 
not appreciate as such himself but which he is able to correct once 
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the examiner has in some way shown that a mistake has been made. 
The correction must be rrrade without further assistance than in¬ 
dication of tile fact of being in error and it must be forthcoming 
within five seconds if the response is to be in this category. 

Responses of this kind are counted as errois because some assist¬ 
ance is required although it may be no irtore than a significant delay 
in the procedure. 

3. FaiUiies, a stimulus to which there is no response and all 
errors which cannot be scif-corrcctcd, are entered with a line drawn 
around them (encircled or “ringed”)* 

The name of the stimulus appears alone within the encircling line 
if no response has been made to it} any response made is encircled 
with the stimulus All mistakes requiring specific assistance for their 
correction aic thus recorded. Attention should be paid to the pro¬ 
portion of these corrected and uncorrcctcd errors. 

Suiftest 2' Colors. For this test and for those following 

it, the subject was comfortably seated at a desk or table with the 
Kardex holder laid before him. 

The examiner says, “Now I am going to show you some colors 
and you will tell me their names as fast as you can ’’ Opening to the 
card, he continues, “You will go right along by yourself ” It is 
well to move a pencil across the card below tlic first line while 
speaking, to emphasize that the performance is to continue as though 
the colors were read from print. The signal to begin the test can 
usually follow at once 

While the pointing procedure m naming the objects may be re¬ 
called, leading to expectation of something similar here, it is prefer¬ 
able to confine oneself to the explanation given above until its inade- 
quacy is plainly shown in the test, foi moie is rarely necessary and is 
likely to be confusing as well as superfluous. If a repetition of the 
pointing to each stimulus is expected, that fact is usually evident at 
once so that it is quite permissible to stop, say whatever may be 
required, and then recommence. 

Both the procedure and the mateiiai of this test raise questions 
in regard to errors, first, as to informing the subject of his having 
made a wrong response and, second, concerning the counting of 
errors when the same stimulus is presented more than once, that is, 
when there is opportunity for repetition of mistakes. This js the 
case here and in the Naming Color Words as well as in three other 
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tests, the ones in which digits, uppei case, and lower case letters are 
respective!/ named. 

On the whole it seems advisable to avoid interruption as much as 
possible, waiting until the end of the test or until there is some 
momentary pause as at the end ot a line. The decision depends 
largely on the number of mistakes made. If they are not too 
numerous, one can allow the subsequent appearance of the stimulus 
in question to provide the opportunity for self-coriection; this is 
preferable but when there arc many mistakes it may be difficult. 
Each peisisccnt enor is pointed out and up to five seconds allowed 
for its concction as in the naming of the objects An understanding 
of the counting of errors where theic is duplication in the material 
will show the logic of this procedure. 

A ghen combmation of stimulus and response is not scored as more 
than one error, regardless of repetitions If "yellow’’ is the response 
to the stimulus "green” it is scored as one error whether said once 
and latci corrected or said consistently, all greens being called 
yellow. However, for another stimulus, “blue” for example, to be 
misnamed "yellow” there would be another ciror counted. It is 
the persistence of a given combination which brings no added penalty. 

Subtesi 3. Naming Digits Turning to tiie next card, the ex¬ 
aminer says, "Now, I am going to ask you to read some numbers.” 
If there arc no questions when the numbers arc shown the child is 
told, "Go ahead as quickly as you can Tell me the name of each 
number.” 

Subtesi 4: Namhig Lower Case Letters. The examiner says, 
"Now, I am going to ask you to tell me the names of some letters,” 
and shows the card of lower case letters. It is Well to stress the 
"letters,” with younger subjects at least, since this test follows one of 
reading digits. All being understood, one may indicate that the test 
is to begin with the words, "Now, tell me the names of these letters,” 
"Read these letters for me.” 

Subtesi 5: Naming Upper Case Letters. Turning to the card for 
this test, the examiner says, "Now, tell me the names of these capital 
letters,” stressing slightly the word "capital,” The subject can 
usually begin at once without further directions. If he starts to 
say "capital” before each letter, he may be stopped at once, told that 
It is not necessaiy, and allowed to begin again without penalty. It 
is advisable to risk the occurrence of this rather than to specify 
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omission. Only a small proportion of subjects attempt to put in the 
word and to speak of it may confuse a child unnecessai ily. 

Snl/Usl 6. Najjiinff of Picture Objects, This test is comparable 
to naming the actual objects and the procedure is the same except 
that there is ordinarily no pointing 

Here, especially, it is well to speak before presenting the test card, 
saying, “Now, I am going to show you some pictuies,” and adding, 
as they arc exposed, “Tell me what you sec,” or “Tell me the names 
of the things in the pictures as quickly as you can ” 

It IS usually done by naming from left to right Exception to 
tills order may be noted on the test blank but need not be mentioned 
to the subject. 

Subiest 1 ’Naming Color JVoids, Turning to the card for this 
test, the examiner says, “Now, how quickly can you read these 
words?” 

In giving this test one should refer to the suggested procedure 
for naming the colors, of which this is a verbal counterpart 

Suhtest 8' Naming of Actual-Object fVoids, This card is pre¬ 
sented and the subject told to read these words as quickly as he can. 

Since this test is composed of a number of words, none of which 
are repented, the recording of etxors is facilitated by tlic examiner’s 
having a duplicate, with each word given a number which will 
serve as a key to that word. The numbers may be put down more 
quickly than the stimulus words they represent, so leaving more time, 
also space, for notation of wrong responses If the performance on 
previous tests makes it likely that there will be many mistakes and 
consequently much to write, it may be well to turn at once to the 
reverse and blank side of the record sheet where there will be ample 
space for the desirable full recording. 

Snbtest 9: Naming Picture-Object Words. The procedure is like 
that for the preceding test and a low level of reading ability makes 
the same suggestions applicable. 

Subiest 10: Addition, The examiner says, “Now I am going to 
ask you to do some addition for me, to add some numbers together 
for me as quickly as you can,” Showing the card and pointing to 
the two illustrative examples, he continues, “It is all addition like 
this” Emphasis that the piocess required is addition is recom¬ 
mended as there is some tendency to multiply the digits instead of 
adding them. The child is allowed to look at the samples, reading 
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them aloud or not as he chooses. Then, indicating the first example 
in the test pioper, the examiner says, "Now begin here and tell me 
tile answers. Go ahead ” 

If the child asks whether to lead it all aloud or only the answers, 
the reply is, "Whatevei way you wish,” and there is to be no com¬ 
ment made if there Is a change of procedure during the test. It is 
also insignificant whether the sequence is by columns or rows, but 
tile former is moie usual. It is convenient for the examiner to have 
a duplicate card on which to follow the subject’s peiformancc. 

In tins experiment, the proceduic in the Addition Test, Subtest 10, 
ivns such that the answers were given orally and the reading of the 
digits representing the quantities to be summated was also oral. 
The examiner felt tliat the pioccdure would be better standardized 
if all the performance was oral in all cases A question was raised 
as to the inhibiting effect of this pioccdure upon a subject whose 
luibit patterns (silent addition) would make this oral performance 
unnatural and would thus advciscly affect his scoie An alternative 
generally followed by Wells allowed cither oral or silent reading of 
the digits on the caid and required only the answers to be said aloud. 
The results were considered comparable because the time required for 
the mental processes involved in obtaining the answer was not 
thought to be incic«ised by (he verbalization incidental to oral read¬ 
ing of the given figuies, and more representative of the subject’s 
ability because tliere was the minimum interference with normal be¬ 
havior 

While no statistically significant data have been obtained, ad¬ 
ministration of this subtest to a gioup of 6l children from the sec¬ 
ond, fourth, and sixth giadcs brought out the following facts; oral 
performance was preferable to two-thirds of these children; the 
median score for the voluntarily silent perfounance was definitely 
lower than that for the voluntarily oral performance when the 
medians for all silent and oial scores were taken, and the same 
tendency was shown foi the grade medians The tendency to ver¬ 
balize was so marked in this group that any adverse effect of a re¬ 
quired oral reading could not be estimated. Second trials weie 
asked of some subjects specifying the oral reading from those who 
had preferred the silent and vice versa, the silent scores of these 
trials were consistently better than the second trial oral scores and, 
while the second trial was always done in less time when it 
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represented a silent performance, even practice effect failed to make 
the second tilal oral scores of some cases as good as their first trial 
silent scores. In these cases the interfering effett of following the 
rejected procedure may have been a factor. 

No conclusions may be drawn from the small number of observa¬ 
tions made; the possible detrimental effect of requiring a somewhat 
abnormal procedure is not disposed of; it is seen that the speed of 
those who preferred to verbalize averaged lower than that of those 
who chose to read silently, but the difference, assuming it valid, may 
be due to the delay caused by the verbalization or to the fact that 
those with the slower mental processes were also those who pre¬ 
ferred it, 

With respect to the results of the experiment proper, it is likely 
that the time scores made at the upper grade levels were les^ good 
because of this requirement and the median scores at the seventh 
and ninth grade levels may be higher than would have been the case 
had there been a clioice of procedure; there is probably little if any 
effect at the lower levels, whete it is possible that the suggested ver¬ 
balization was actually of assistance, especially to the less proficient, 
and thus served to improve the speed. 

Results 

1. Quantitative Statement. The time scores made by each grade 
group on each of the ten subtests were arranged in a senes of fre¬ 
quency distributions, and the median scores found and tabulated as 
shown in Table 1. As the more convenient arrangement for refer¬ 
ence, the results are presented with the median scores of each grade 


TABLE 1 

Median Time Scores 


Tests 

I 

Ill 

Grades 

V 

VII 

IX 

Naming Actual Objects 

66 

SO 

44 

35 

33 

Naming Colors 

42 

38 

29 

26 

23 

Naming Digits 

4S 

24 

17 

14 

14 

Naming Letters, lower case 

78 

41 

29 

22 

19 

Naming Letters, upper case 

64 

37 

28 

24 

21 

Noming Picture-Objects 

17 

12 

11 

8 

3 

Naming Color Words 

47 

24 

20 

16 

IS 

Naming Actual-Object Words 

— 

30 

18 

14 

12 

Naming Picture-Object Words 

54 

7 

5 

4 

4 

Addition 

— 

49 

34 

26 

26 
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in a separate column, the order within the column being that of the 
test series. 

Four sets of ratios were computed between the time scores in 
pairs of corresponding subtests; these ratios were arranged In fre¬ 
quency distributions and the medians found for each subtest at each 
grade level. The results shown in Table 2 are comparable to those 
in Table 1, giving the median time scores. 


TABLE 2 
Median Ratios 


Time scores m naming 

I 

m 

Grades 

V 

VII 

IX 

Lower case letters/ 
upper esse lelfcrs 

1.26 

1 13 

1.03 

.91) 

.95 

color words/colors 

1 15 

.66 

66 

68 

68 

actiinl-obiect words/ 
actual objects 

— 

.59 

42 

41 

.39 

picture woids/ 
naming pictures 

3 85 

.64- 

.55 

S3 

.50 


From observation of this table it may be seen that the time re¬ 
quired for the naming of lower case letters is relatively long for 
the lower grade and short for the upper, i.e., there is a relatively 
greater famiUanty with capital letters on the part of the young 
child which decreases until it disappears at about the fifth-grade 
level when the response is ncaily the same for either, after the fifth 
grade the lower case letters arc read more rapidly but the difterencc 
evident in the seventh grade is not significantly changed by the 
ninth so it presumably holds constant at higher levels. 

In all comparisons of reading with naming, the recognition of the 
word is sliown to occur more quickly than that of the object, picture, 
or color except at the low level of reading skill found in the first 
grade, ie., there is a more prompt association between a word and 
Its representation in print than between that word and the thing of 
which It is a symbol. This fact is more clearly set forth at each 
level; as one goes higher in the scale, speed in naming the actual- 
object words increases more rapidly than speed in naming the objects 
and the same is true of the pictuies. The failure of this tendency 
to manifest itself above the third grade with respect to colors may be 
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explained by the fact that the reading and naming in these subtests 
were so simple, involving only the four color-words and colors, that 
the results above the third grade are determined mainly by physiologi¬ 
cal limitations. 

Correlations were calculated between the mental age ratings and 
time scores in naming actual objects A significant relationship be¬ 
tween speed of naming objects and intelligence was shown in a 
coefficient of -f 49± 07 for the ninth grade While virtually the 
same for the seventh grade and still significant in the first grade 
(.35±.08), the results in the other giades were too low to be 
significant. Although the unreliability of tlie mental age ratings was 
a factor, the nature of the tests and the biief periods of time involved 
are such that there is little opportunity for quantitative differentia¬ 
tion adequate for purposes of correlation. While some coirelations 
with mental ngc were calculated for the speed in naming colors and 
also for certain ratios, no significant figures were obtained. 

The number of errors was not sufficient to warrant making fre¬ 
quency distributions of errors above the third grade However, the 
median number of errors for each subject in the first and third grades 
18 as given in Table 3. 

TABLE 3 

Median Numsbr of Errors 
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List oi Actual Objects and names supplied by subject; 

BOTTLE 7 glass 3; jar 3, water 
DKtJSH 2 scrub floor with, refusal 
BUTTON 0 

CLOTHESPIN 20 clothes, clothespolc; clothes, you hang ’em 
with; hang ’em on line, pm, refusals 15. 

COMB 3’ brush 2; refusal, 

CORK 2+ (stopper 6), cap, cokker, cord; cover 2; hoik, 
pork, top 6; refusals 11 
FORK 4 knife, spoon 2, refusal 
KNIFE 0‘ 

MIRROR 4 (looking glass) , glass, refusal 3 
NAIL 1 can’t think 

NAIL-PILE 30 (finger nail cleaner); filer, finger 2, finger 
nail 12, fingci nail thing, nail; nail thing; manicure, re¬ 
fusal 11. 

PEN POINT 13 (pen; ink pen, thing for pen; thing put [or 
goes] in pen), ink, ink holder, pen holder, pm, point 
for pencil, thing you write with, icfusal 7 
PENNY 0 (cent) 

POCKETBOOK O' (purse, small bag; if design makes this Ust 
appropriate) 

SAFETY-PIN 6 (pin*, common pin* 5; big pin*; diaper 
pm), cut pin, needle pin, refusal 4 
SCISSORS 0 

SCREW 45 nail 37, nut, tack, refusal 4. 

SHOESTRING 7 (shoelace, shoclacmg) , lace 2, string 4, 
thread 

SPOOL 62 (thread spool, cotton reel**, spindle** 2, thread 
spinner**); cotton 2, thimble 7, put thread on, thing 
to put thread on 8, thing your thread goes round, thing 
thread on 2, thread 3, thread thing 4, to roll thread 
on; thing you have string on, thing for string, refusal 
31 

SPOON 1: refusal 

STAMP 4. refusal 4 

STRING 16 thread 7 , rope 8 , refusal 

THIMBLE 30 (nimble** 4), cup, cork, finger, spindle; put 
on when you sew, put on your finger, thing you put on 
your finger 2; thumb 2, refusal 20 

•Not counted as an error if question “What kind of pin?’’ brings forth 
the word "safety-pin ’’ 

••Not counted as error if it seems the name most familiar in subject's 
environment 
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TOOTHBRUSH II’ brush 5; brush, red; cleaning brush, 
thing you brush your teeth with 2 , refusal. 

Table 4 states the frequency of errors by grades. 

TABLE 4 


Grade 

Errors 

Pereentage 

9 

25 

1.89 

7 

45 

3 12 

5 

29 

1 93 

3 

38 

2.92 

1 

151 

1124 


Total 288 



Sitbiest 2- Nnmins Colors The greatest significance of errors 
made in this test is not revealed in any quantitative statement, for 
there was little relationship between number of errors and grade 
level; it lies rather in their apparent source, in the poor visual cKs* 
crimination made evident, etc. It is important to note if certain 
hues arc consistently misnamed; which ones, if that be the case, and 
the relation of the name supplied in the response to the correct one. 
Poor reading habits may be manifest in reversals, omissions, and in¬ 
ability to keep the place in line. 

Siibtest 3: 'Naming Digits. 

1 oacc as never refused, total errors, l. 

1 once as 6 , never refused; total errors, 1 

2 once as 5, aa 7 , and as 4, once refused; total, 4 

3 once as 5, twice as 6 , twice refused, total, S. 

4 not mislead but twice refused, total, 2 . 

5 once as 6, once as 4, refused four times; total, 6 

6 five times ns 9, refused six times; total, 11. 

7 once each as k, 4, 9, twice as 6 . 8, and 10, refused five 
times; total, 14. 

8 four times as 7, once as 10, refused four times; total, 9 

9 seven limes as 6, twice as 8, once as 10, refused six times; 
totol, Id. 

The sum total of all errors was 76, of which 73 were made by the 
first grade; the other three were by third-grade subjects. In the 
third grade were also three omissions due to carelessness alone; in 
the fifth grade, the only errors were three reversals made by tivo 
children; there was one omission in the seventh grade; there were no 
mistakes of any kind in the ninth grade. 

Subtest 4t Naming Lower Case Letters The number of errors 
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and the misreadings were fully recorded m all grades except tlie first 
in which the mistakes were often too numerous for it to he feasible 
to do more than note the stimulus letter causing the erroi It was, 
however, thought worthwhile to summarize the observations made 
even though the record of responses is thus less complete m the 
lowest grade. 

TABLE 5 


Misreadings Refusals and 

Siimulus Figures showfre- unspecified 

_quencics above 1_misreadings_Total 


n 


0 


0 

b 

d 12, p 4- 

3 


19 

c 

e 2, g; k 2j a; z 

1 


8 

d 

a 10; b + 

10 


24 

c 

u 

0 


1 

f 

r 3 

1 


4 

g 

d; i 2, q; y 

2 


7 

h 

f, n; u; V 

5 


9 

1 

X 

8 


9 

J 

g 23, h; i 

6 


31 

k 


3 


3 

I 

1 71 

4 


75 

m 

n 2, 

0 


2 

n 

d; u 4 

4 


9 

0 

u 3 

0 


3 

P 

b; d 2, q 6, r 

7 


17 

q 

b, g 2, j, k 2; 0, p 23 

36 


66 

r 


1 


1 

s 

a 2, o 6 

1 


9 

t 


1 


1 

u 

q 2 

5 


7 

V 

f, y 2 

8 


11 

w 

y 2 

1 


3 

X 

y; z 2 

13 


16 

y 

] 2, k; 8, u 5; w 

2 


12 

z 

c, a, V, X 7 

18 


28 




Total 

375 

Frequencies, by grades, are shown in 

Table 6 




TABLE 6 







Percentage 


Grade Errors 


chances 



9 6 


02 



7 12 


038 



5 32 


1.0 



3 94 


3 4 



1 231 (omitting 

87 



5 cases) 





M. S. CARD AND F. I.. WELLS 

The number of cases is complete in all grades except the first in 
which five of the group of 56 failed so completely that their per¬ 
formance IS not counted at all 

Subtest 5 • 'Naming Upper Case Letters The recording and 
tabular piescntation of responses is the same in this test as in the 
preceding one 

TABLE 1 


Stimulas 


Misreadings 
Figures show fre¬ 
quencies above 1 


Refusals 


F a 

E I 2, P 
V 

E, G 
L 2 
G 10 
X S 
I; K 
w 

E 

Q, W 
Q; B; G 

04,U4.X2,Z3 
C 2, H; U 
W 2 

F; W 2; X, Z 

U. Y 

Qj V, Z 3 
U 6; W 

V, 2 9 


Total 198 


Frequencies by grades arc as given in Table 8 


TABLE 8 
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Hcie, as in the preceding test, seven of the first grade failed so many 
letters that no regard is paid to their performance. 

Snbtest 6: Nnmmg Picture-Objects, The listing of errors here 
is the same as that for subtest 1 The sum total of errors is 76 

CHAIR 1: house 
LADDER 1 refusal 

KETTLE 19: (pot 4, coffee pot 3, tea pot) China; coffee 
pan; hot water bottle, pan; pitcher 3, refusal 12 
BANJO 41 • (fiddle, guitar; banjo, mandolin, ukulele, vio¬ 
lin) Ban; banjolin, brush 4; hair brush 2, strainer; 
play it with a little thing, you play on it 2, refusal 29 
TREE 0. 

COW 1 pony. 

BOTTLE 1 milk 

BIRD 0: (canary bird; chick, chicken, pigeon) 

CAMEL 12 cnmbrn, donkey, goat, sheep; refusal 8. 

BOOK 0. 


The total frequency of eirors in each of the different grades was 
as shown in Table 9 

TABLE 9 


Grade 

Errors 

Peiccntage 

9 

6 

11 

7 

6 

10 

5 

6 

10 

3 

13 

25 

1 

45 

8,0 


Snbtest 7,' Normiiff Color Words. No special study was made 
of the errors occurring in this test and there seems no pertinent com- 
ment except the frequency of the lesponse “orange” to the word 
stimulus "yellow ” This is presumably explained by the use of the 
oiange color dots in the test in naming colors; it is a good example 
of underanalysis 

Tile use of only four words and their familiarity as well as their 
frequent lepetition means that the demands of this test are different 
from those of Tests 8 and 9 and merit consideration on this account. 
It requires the least vocabulary and reading knowledge and so pro¬ 
vides an especially favorable opportunity for detection of faulty 
reading habits and certain poor eye movements, foi most subjects, 
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this IS vciy easy material and thus offers them a chance to show 
what they can do when the content presents little or no difficulty. 

Suhtesi 8: ’Naming Actual-Object Words. The responses for 
these words are listed in the same manner as those for the actual 
objects; each of the stimulus words in upper case type, here presented 
in the reading order, is followed by the list of responses made to it, 
frequencies of two or more are indicated by the appropriate digit. 
The sum total of errors is 395. 

While certain responses may resemble the correct reading so 
closely that they seem wrongly listed among the errors, they were 
given without comprehension and did not suggest the stimulus object 
name even though they sounded very much like it. Neologisms are 
spelled so as to most nearly repicscnt their sound. 

BRUSH 15' beat; blue, brawn; bush 8, push; refusnl 3 
FORK Hi fog; fofc 1, foka, folk 2; fore, woifc; refusal 2 
TOOTHBRUSH 21; too* S; toots, tooth-, toothpaste 4; tooth¬ 
pick 5; refusal S. 

BOTTLE 13' birs; bootlei botle; both, broom, buttle; little; 
refusal 6, 

KNIFE 13i k-, ki, niff; refusal 10. 

SPOON 3: refusal, 3. 

SCISSORS 28 circus; saucer 5; skfzora; thimble; refusal, 20 
POCKETBOOK 18: -book; hook-puck, pickbook, po-, po- 
book, pock; pocket; pocket knife, pu-book; puckbook; 
refusal, 8. 

SHOESTRING 21l show 2, shoes, shoelace 3, shoeshlne; 

shoestitching; shoe-ting, shortstnng; refusal, 11 
SCREW 30! s 2; scarf; sere-, sew; speel 2, store; string; 
refusal, 21. 

MIRROR 21.]nadre, mail; meyer; miror; narrow; needle; 
refusal, 15. 

SPOOL Ifi' screw; spoon II; refusnl, 4. 

FILE 31’ f-; fail; felt, fiddle 2; fill 12; finger, fork; kni-; 

knife 2; light; thimble 2; refusal, 6 
COMB 15. camp; cu; cub; cumb 3; refusal, 9 
CLOTHESPIN 22. cl-; do-; cloth; clothshim, clothspln 4; 

clothespllnt; safety-pin; refusal, 12. 

PENNY 5. pin 2; pony; spin; refusal 
THIMBLE 13! tablet, toothbr-, refusal, 11. 

STAMP 11; spool 2; spoon; stopper, string, refusal, 6, 

CORK 18. c- 2, clock; color, corn 2, crack, crook 2; fork; 
lark; quirk; refusal, 6. 



VOCAL SVMBOL FORMATION 


171 


STRING 17 (and 2. Sec “Pen”) pm, at- 2; ataing, strap, 
stringing; thimble; Tcfuanl, 10 

PEN 11! penny 3, pm 4; pocfcetboofc; refusal; steering pen, 
straining pen (1 each, reading “string" and "pen” to¬ 
gether). 

NAIL 10 knife, nile, needle 2; mirror, pencil; refusal, 4. 

BUTTON 21 blue-, bottle 6, bottom 5, but- 2; butter 2; 
buttern, butts; refusal, 3 

SAFETY-PIN 10 aafety-pain; spoon penny, refusal, 8 
The number of errors by grades is given in Table 10 


TABLE 10 

Grade 

Errors 

Percentage 

9 

12 

.09 

7 

17 

1 2 

5 

52 

3 6 

3 

181 

14 0 

I 

133 in a group of 

(69 5) 


only 8 highly 


selected subjects 


Snbtest 9' 'Naming Picture Words These words and the re¬ 
sponses are listed as were those for the preceding test 

DUCK 14 back 2; black 7, clock, d—, track; refusal 2 

HORSE 42. brown, day; hen, house 21, home 6, norsc, re¬ 
fusal, 11. 

SHOES 46 elephant, home, pony, sharp; sheep 3, shell, 
shill, shirt; show 3, shown, shows 2, sleepy 2; sores 2, 
swim; refusal, 2S 

CUP 21 can, cat 3, club, could; cry 2, cut 4, hop; out, 
pen; put 2; refusal, 4. 

SNAKE 50* black, nail, saucer, shake 12, skate 2, sn- ; 
sn—k , snail 4; stick; take, refusal, 25. 

KNIFE 50’ calf; cake 2; cut, k— 2', kind; kme, kitten; pussy*; 
refusal, 40 

PINEAPPLE €3 appfe 2, p— 3, pen, penny; people, picture; 
pimple, pinapple 8, pinappron, pitcher, piece; pole; 
pocketbook, porkapple, porridge, potato; spoon, re¬ 
fusal, 36 

TABLE 14 cake, chair; take 2; tape; tartre, tell; toad; 
refusal, 6 

*Thi8 special type of error is further discussed m Wells (1), which study 
also includes some of the reading difficulty coses mentioned below 
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BOOTS 49' h-, bake; back, bath; boats 3, boods, book 3; 
books 9, bookcase, box; boys i, biook, burnta, buts, 
chair, foot; hot, put, refusal, 17. 

CLOCK 36* cake; candy; chair, cl— 3, cloak 3, clothes, 
cock, color; cook, cord; cut; goose, kind, six, table; 
watch pick; refusal, Ifi. 


The number of errors by grades is indicated in Table 11 
TABLE n 


Grade 

Errors 

Percentnge 

9 

1 

02 

7 

4 

07 

5 

6 

1 0 

3 

34 

6 + 

1 

340 

60,1 


Total 385 



Siibtest 10. Addition. No analysis was made of the errors in 
this test except to note whether the cause was due to a mistake in 
addition or to use of the wrong process, i.e., to use of multiplication. 


Reading Difficulties 

It is hoped that, through studies such as these, attention may be 
directed to the relation between the symbolic processes involved m 
reading and that of other naming processes. The test itself has 
found various clinical applications, particularly to aphasic symptoms 
The normal child controls the vocal symbol for the printed word 
far better than he does that for the corresponding common object 
In a less degree the same is tiuc for pictures of objects, and for 
colors. The extent of a child’s specific reading difficulty is to be 
measured by the distortion of these normal relationships. At fifth 
grade, for example, he should be able to name the words for the 
present colors in about two-thirds the time of naming similarly 
presented colors themselves. Insofar as it takes him longer than 
this there is specific reading difficulty, that is to say a difficulty m the 
perception of a graphic language symbol. In the present case the 
criterion of perception is the production of the corresponding vocal 
symbol, the likelihood that a child would know what such a printed 
word denoted and not be able to call it by name, or vice versa, need 
hardly be considered in this connection “Reading tests” in general 
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tend to be tests of reading as such, without direct reference to other 
language functions, as is here attempted 

For the child with a reading problem the tasks arc, as will be seen, 
often too difficult to be satisfactorily presented in scores comparable 
with the norm, but this does not greatly interfere in their clinical 
use, with the more qualitative consideration there afforded. Below 
is given a tabulation of certain results with the procedures in ten 
children (all boys) who had been referred for reading difficulties. 
Cases A and B are identical twins The "normal scores" for the 
even grades aie taken as midway between those for the experimentally 
determined odd ones When a score represents the time limit of a 
test (five seconds for each leply) it is put in italics. The true 
value is then indefinitely greater. 

The greatest disparity is seen with the "picture objects." In gen¬ 
eral a child with reading difficulty names the pictures more readily 
than do the normal controls, sometimes much more readily. Only 
two of them could icad the words, if at all, within the time limit 
Involved, whereas after the third grade the normal reading score is 
about half that for naming the pictures. 

The naming of objects proceeds somewhat better than the norm 
for the grade, this being marked in cases where the child is old for 
his grade. The difficulty is not a mild "sensory aphasia" but 
rather a specific, if mild, alexia. The normal cliild reads the names 
of these objects In about half the time it takes him to name the ob¬ 
jects themselves (cultural verbalization, cf. Tngant Burrow). The 
child witli a reading problem takes indefinitely longer, failures to 
read being very frequent, so that again but two of these children 
completed the series within the time limit involved. 

In naming colors the leading-problem child as here observed ran 
uniformly slower than the normal control; the symbolic process 
approaches more closely to that of recognizing a written configura¬ 
tion than It does to the process of naming an object, where he is at 
no disadvantage The dispaiity is small but distinct, as is the case 
also in his difficulty with the color woids In third grade and 
beyond, the average child reads the color words in two-thirds the 
time of naming the colois The reading-problem child generally 
also leads the color names more quickly than he names the colors, 
but at more neaily the same latc than does his normal control 
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TABLE 12 


Case A B 

C 

D 

B 

F 

G 

H 

I 

J 

Grade placement 

at time of test 2-+ 2-‘l' 

3-8 

3-8 

4-8 

4-3 

5-8 

5-4 

5-6 

S-0 

Age at timfi of 

test 7-2 7-2 

10-3 

10-U 

11-3 

11-2 

11-2 

13-9 

10-0 

11-4 

tQ score (uncot- 
rected for read¬ 
ing) recorded 
nearest time 
of teat 126 105 

S9 

68 

93 

85 

81 

68 

106 

96 

Grade median of 
reading test 

scores 2.5 3 0 

29 

I 5 

3.2 

23 

3.4 

3.6 

3 0 

4.2 


Normal grade score 


for picture ob¬ 
jects 1+ 


12 


U 


11 




Child’s score for 










picture objects 16 
Normal ratio words 

12 

7 

12 

13 

9 

8 

11 

8 

6 

/picture objects 2.25 
Child’s ratio words 


65 


.60 


55 




/picture objects 3J2 
Nor/nnlgradescore, 

435 

7,15 

4J5 

1.92 

S.SS 

63S 

4S5 

6.25 

4 00 

naming actual ob¬ 
jects SS 


SO 


47 


44 




Child's score, nsm- 










ing actual ob¬ 
jects 65 

52 

35 

39 

32 

45 

47 

55 

43 

52 

Normol ratio, words 
/actual objects X 
Child’s ratio, words 


59 


.50 


42 




/actual objects llSS 

2Ji 

S42 

s.or 

3U 

2.6T 

2SS 

1 45 

2 29 

1.09 

Norma! grade score, 
naming colors 40 
Child's score, 


38 


33 


29 




naming colors 47 
Normal ratio. 

44 

33 

40 

37 

42 

58 

40 

36 

53 

words/colors 90 
Child's ratio. 


66 


.66 


66 




words/colors 1.06 

1,04 

85 

5.£J0 

87 

.93 

43 

.79 

.74 

70 

Normal grade score. 










upper case let¬ 
ters 50 


37 


32 


28 




Child's score, up- 









per case letters 55 
Normal ratio, lower 

53 

59 

77 

37 

77 

45 

25 

34 

47 

case/upper case 1.19 
Child’s ratio, lower 


1 13 


1 08 


1 03 




case/upper case .96 

.98 

1.15 

91 

1.88 

.78 

.98 

.92 

1,03 

.81 
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The normal child apparently learns the upper case letters ahead of 
the lower case but at about the fifth g;rade the lower case letters are 
at least as well known. In the reading-problem child the tendency 
IS for the lower case letters to run rather ahead of the upper case, 
because proportionately more of their reading practice is obtained 
witli them (it IS worthy of note that, on the other hand, “educa¬ 
tional toys” generally use upper case letters, whereas the overwhelm¬ 
ing preponderance of those letters generally used are lower case). 

Conclusion 

The table of median time scores (Table 1) shows a well-giadcd 
scries of results and indicates that, even m these short tests, time 
scores piovide a satisfactory basis of differentiation. While further 
experimentation is desirable, using a number of subjects who are 
reading-disability cases, the use of these scores in the measurement of 
reading disability is shown in the appended study of ten cases brought 
to the laboratory at the Boston Psychopathic Hospital 

A child may well be considered from tlie standpoint of reading 
disability whose facility in naming objects and pictures is at the 
normal level, while his facility of reading in the equivalent tests 
deviates markedly and adversely from the corresponding normal 
figures; the degree of disability being indicated by the amount of 
deviation from the noims shown in Table 1, Comparison of the 
ratios for the reading-disability case with those for the normal child 
of the same school giade may be more striking than comparison of 
the respective time scores: the relatively slow reading time is further 
emphasized by a relatively fast naming time and, as in the intelli¬ 
gence quotient, the statement of the relationship, of one factor in 
terms of another, is often a mote appropriate pictuie of the facts 
than that given by the absolute figures. 

Correlations with such mental age ratings as were available were 
insignificant except in the case of naming actual objects x mental age. 

The number of errors made by the subjects of this experiment, 
who were chosen as representative of the average school group, was 
small and warrants little quantitative consideration, but the specific 
errors were classified to show the relative difficulty of the various 
test Items and the distribution of errors through the grades in each 
test. 
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1 . Wells, FLA glossary of needless reading errors J. E\pcr. Edtie, 
1935, 4, 

Brown University Boston Psychopathic Hospital 

Providence, Rhode Island Boston^ Massachusetts 

LA FORMATION DBS SYMBOLES VOCAUX COMME FQNCTION 
DE L'HABILETE A LIRE 
(R68um6) 

II s’ngit surtout de l’habilet4 relative 4 symbohser dans la parole parlfie 
(rt) le mot impnmfi, (4) un autre repr6scntant cc que denote Ic mot impnmd, 
comme une couleur, un tableau, ou un vrai objet> On a orgaiuad une forme 
brlive d'experience, adnptie aov attitudes dea indivldus auasi jcunea que 
I’fige dc la prcmi&re ann^e scolairc On d^crit ceci en detail avec des 
Illustrations, On I’a fait avec ui»e s^fie de 2S5 individus dans les annies 
scoUircs 1, 3, 5, 7, 9 On derive de ces donnges unc tabic dc normea dcs 
ann^es pour chacun dea dix testa secoodaires en jcu, et de certaincs propor¬ 
tions entre cux On pr4sente ies erieurs en quelque detail, pour la luini^TC 

J u'cllcs jeltent sur le processus de la lecture compar6 avec celui d’autre 
oncdona de nommer On pr^sente Ics r^sultats avec une petite s^iie dc cas 
de difficult^ ^ lire dans des buts comparatifs, en mesuiant leur assc< bon 
rendement moycn quand its nomment par ex un objet commun, et Icur rende- 
ment beaucoup rMuit quand ils nomment le mot pour cet objet Four Ic 
materiel normal, les resultats sont un aigne de la verbalisation culturale 
Comme repere pour le mot parl4, le mot imprim£ est de plus en plus plus 
efficflce que I'objet Juj-m£me. 

Card et W^lls 

STIMMSYMBOLBILDUNG ALS BINE FUNKTION DER 
LESEPaHIGKEIT 
(Referat) 

Diese Untersuchung bcschafugt sicb hauptsachllch mit der Fahigkeit, die 
folgenden Sachen m der gesprochenen Rede sn symbohsieien' (n) das 
gedruclcte Wort, (P) etwos anderes, als was das gedruckte Wort bezeichnet, 
wie elnc Farbc, cm Bild, oder einen wirklichn Gegenstand Einc kurze 
Form dcs Experiments wurde aufgestellt und den Einatellungen von Kmdcin 
bia zur untersten Scliulatufe angepasst Dies wird in Detail bescliricbcn 
und mit Illustrationen versehen Das Experiment wurdc mit einer Rcilie 
von 28S Personen In der Schulstufen 1, 3, 5, 7, 9 auagefuhrt Eine Tabclle 
der Stufennormen fur jeden der zebn Unteitcsts und gcwisser Vcrhriltnissc 
zwischcn ihncn wird aus dicsen Daten abgelejtet Die Irrtumer werden m 
elnigen Detail dargestellt wegen der Beleuchtung, die sie auf das Lesever' 
fnlircn Im Vergleich mit dem von anderen beneimenden Funktionen ^vcrfe^ 
Die Ergebmsse von ciner kleinen Reihe von Lescschwiengkeitsfallen werdep 
zu Vergleichszwecken dargestellt, imd ibre Diirclischnittsleistung bei der 
Benennung z B. von emem gcTrohnlichen Gegenstand und ihre vicl reduzierte 
Leiatung bel der Benennung eines Wortes fur jenen Gegenstand werden 
gemessen, Fdr das normale Material smd die Ergebmsse ein Zeichen der 
kulturellen Inworteselzung Als ein Fingerzeig fur das gesprochenc Wort 
ist das gedruckte Wort fortschreitend wirksamer als der Gegenstand selbst. 

Card und Welis 



the role op kinaesthesis in the establish¬ 
ment AND CONTROL OF THE MAZE HABIT* 

From the Ptychologieal Laboratory of The Ohio State Umvenity 


Sol Evans 


Introduction 

During the first third of the present century there has been con¬ 
siderable discussion of, and no little disagreement on, the role that 
kinaesthesis plays in the establishment and control of the maze 
habit. W. S Small not only introduced the white rat and the con¬ 
ventional maze into the laboiatory, but also raised the problem of 
sensory coiitiol. In 1901 (25) his experimental woik with rats led 
him to conclude that the animal responds in the maze on the basis 
of tactual-motor processes He held that the animal was able to 
follow the conect path by associating the motor image of tinning 
in one dneetton with success, and the motor image of iunnng In the 
oihei (hrection with failure He believed that the coordination of 
proprioceptive processes depends upon Icinacsthetic sensations ini¬ 
tiated by the turns in the pathway and the relative lengths of the 
alleys. However, the employment of the doctrine of kinaesthesis 
as an explanation of the establishment and control of the maze 
habit dates more specifically from the experiments of Watson in 
1907 and of Carr and Watson in 1908. 

Watson (31) eliminated sight from one gioup of rats, hearing 
from a second group, smell from a third, the vibrissae from a fourth, 
and the tactual processes through the feet and nose from still 
another group He then had each of these groups and also a nor¬ 
mal group learn the same maze, and compared the performance 
of each of the experimental groups with that of the normal. Ac¬ 
cording to Watson, the elimination of any one of these various 
sense modalities did not disturb the learning process These nega¬ 
tive results, with exteroceptive stimuli led him to look elsewhere 
for an explanation of the learning process. Kinaesthesis seemed 
to be the only remaining possibility. Thus he was led to believe 

♦Recommended by Robert D Williams, accepted by Carl Murchison of 
the Editorial Board, and received in the Editorial Office, July 2, 1935 
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that the rat makes the conect turns m the maze on the basis of 
kinaesthesis—the kinaesthetic sensations coupled with the organic 
sensations probably, and with the static possibly. For him the 
maze habit was a chain of kinaesthetically released movements 

Carr and Watson (5) placed noinia! rats into v-irious positions 
along the true path of a maze which the animals had already 
learned. The rats were quite disturbed at first, but presently recov¬ 
ered and proceeded along the true path as usual. These experi¬ 
menters believed that the orientation behavior provided kinacsthetic 
stimulation for the release of the automatic movements which had 
previously been acquired. As it appeared to them, the act of run¬ 
ning the maze was a series of reflex movements released from 
kinaesthetic cues derived from running the lengths and making 
the turns of the true units of the maze. These workers also used 
a sectionized maze winch enabled them to lengthen or shorten cer¬ 
tain alleys without altering the general pattern of the maze. Ani¬ 
mals which liad previously learned the maze were pjonounccdly 
disturbed by changes m the lengths of alleys. The disturbances 
were attributed to interference with previously developed kinacs- 
tliesis. To Carr and Watson the aminals resembled machines, 
carrying out a chain of reflex movements regardless of surround¬ 
ings. 

With the foregoing experimental data as a basis, Carr and Wat¬ 
son offered the thesis that the lat, in learning the maze, merely 
conditions its responses to the proprioceptive cues afforded by the 
running itself. This point of view has become firmly intrenched 
in ali discussions of the problem of maze learning. It has extended 
into more general lines of theoretical reasoning. Reflex-like cori- 
cepts, such as are implied by the doctrine of kinaethcsis iiave been 
advanced as the explanation of all forms of learning Not far 
remote are the teachings of Thorndike, with tlicir implied speci¬ 
ficity of the S-R bond. The doctrine, moi cover, has greatly 
influenced educational theory and practice. It was used for a 
decade or more to bolster up the old maxim “We learn to do by 
doing.'’ It thus helped to confirm, to continue, and, in some cases, 
to extend the practice of emphasizing drill According to the doc¬ 
trine, a skill is perfected by merely “going through” a certain 
exercise a sufficient number of times. Thus drill has continued to 
be a watchword. Only recently has educational practice begun to 
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emerge from the influence of the doctrine of kinaesthesis, despite 
the accumulation of a somewhat formidable array of experimental 
evidence which argues strongly against its efficacy as a satisfactory 
explanation of the learning process. 

Watson realized the limitations of his data, and conceded that 
further expeilmentation dealing with the positive effect of extero¬ 
ceptive stimulation might necessitate the formulation of different 
conclusions. Huntci (17) has since pointed out that Watson did 
not eliminate every avenue of stimulation other than Icinaesthetic; 
and that when one avenue of stimulation was removed, the animal 
may Iiave fallen back upon anotliei that was not previously essen¬ 
tial Watson (31) himself reports that the pcrfoimance of his 
animals was disturbed by rotation of the maze. This observation 
might well have given him food for thought, for it suggests that 
exteroceptive cues in the extia-maze environment may have been 
effective in controlling the habit Watson, however, did not con¬ 
sider this possibility, and explained the phenomenon as being 
attributable to some sense of direction or static sense. Carr’s own 
later work seems to show the influence of factors other than pro¬ 
prioceptive upon the establishment and control of the maze habit. 
An experiment in which he used blind and anosinic animals (4) in¬ 
dicates a strong influence of vision and a minimal influence of 
olfaction upon maze performance. He &ho determined the effect 
of rotation and of various changes in the extra-maze environment 
upon the performance of rats which had previously learned the 
maze (2, 3, 4). Rotation of tlie maze 45” distuibcd all of the 
animals, and each of several extra-maze changes distuibed a large 
proportion cf them Carr, however, did not feel that his work 
had undermined the kinaesthesis hypothesis He still upheld tlie 
view that the maze habit consists essentially of a tactual-kinaes- 
thetic motor coordination, although dependent upon a wider sen¬ 
sory situation cf which it is a part. 

The purpose of this paper is to present briefly a number of 
studies which indicate that exteroceptive stimuli play a considerable 
role in the establishment and control of the maze habit; and to set 
forth a number of other studies which argue against the adequacy 
of proprioception as an explanation of maze learning. 
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Exteroceptive Stimuli 

A number of experimental studies on the rat indicate that the 
maze habit is to a great extent dependent upon exteroceptive 
stimuli. An experiment hy Dennis and Porter (11) leads us at 
once to question Watson's assumption that the continuance of a 
response after the deprivation of a stimulus or receptor proves that 
the deprived stimulus or receptor has been ineffective They tested 
the possibility of transfer from one sense modality to another. 
Their rats learned a simple discrimination,problem with the oppor¬ 
tunity of using tlirce different sensory cues m combination. The 
maze was a circular plane six feet in diameter The rats emerged 
througli a door from a circular enclosure at the center of the maze, 
facing the food box which was located just over the edge of the 
circumference The three cues employed were a strip of metal 
along the floor leading from the door of the enclosure to the food, 
a piece of white cai Aboard above the food, and a buzzer near the 
food. These stimuli and the food box were constantly routed to 
prevent extraneous exteroceptive cues from influencing the response. 
The animals soon learned the problem. The cues were then eljm* 
inated one at a time The animals did as well without the buzzer 
as with it With the visual cue alone, the animals responded cor¬ 
rectly in 89 per cent of the trials, and with the tactual cue alone, 
in 52 per cent. With special training on the tactual cue alone an 
accuracy of 93 per cent was obtained. Incidentally the experi¬ 
ment shows the influence of vision and audition upon the control 
of the maze habit. 

An experiment by Denms (10) seems to explain the behavior of 
the rats used in the sectionized maze by Carr and Watson. His 
experiment shows that the rat does not adjust itself to changed con¬ 
ditions in the path which lies before it unless it has been speci¬ 
fically trained to do so. He had eight rats learn an elevated 
maze constructed of parallel and diagonal blocks set on edge. 
When he reversed the direction of the first two diagonals, the 
animals attempted to follow the old pathway. However, with con¬ 
tinual change, visual control of the habit soon developed; and 
this visual control continued to function when an entirely new 
maze pattern was used The experiment shows that the rat may 
use visual processes in the development of the maze habit if the situ- 
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ation is such as to make the use of these processes advantageous 
in adjustment to the problem Similarly Patrick and Anderson 
(21) have shown that lotation, oi vaiiation of stimuli greatly dis¬ 
turbs the behavioi of animals trained under constant conditions, 
but not that of animals trained under systematically varied inci¬ 
dental stimuli. 

Dennis' work (8) with blind vibnssaelcss and seeing vibrissae- 
Icss lats shows that visual and tactual stimuli may be used at least 
to supplement proprioception. He used a rectangular maze with 
partitions extending almost across its width The animals, in 
order to reach the food, were compelled to follow an indirect path 
around the ends of the partitions. Both the blind and the seeing 
group soon le.irned to do this with a fair degree of accuracy. The 
seeing group made fewer wall contacts than did the blind gioup 
When the partitions were removed both groups immediately began 
to cut across the places where the walls had been and thus achieved 
a more direct path One may appropriately question whether 
such behavior is consonant with the kmaesthctic hypothesis. Vin¬ 
cent (28) found that normal rats, in learning a maze, profited by 
a black trail in the tiue path and a white trail in the false path, 
and vice veisa 

Bogarclus and Henke (1) have shown that the development of 
the maze habit is closely related to tactual processes They found 
a high positive correlation between the numbei of contacts and the 
numbei of eirors Vincent (29) has shown, by tiammg a group 
of rats in an elevated maze provided with removable walls and 
then removing the walls, that tactual piocesses may be related 
to maze learning Upon removal of the walls the animals reacted 
as to a new problem In another experiment with an elevated 
maze, Vincent (27) found that vibrissaeless rats made more errors 
and learned with less speed and coordination than did normal rats. 
When the vibrissac weie removed from one side the animal used 
the other side. However, Vincent still believed that in a fully 
formed habit kinacsthesis predominates 

Shepaid (24) has shown that the different units of a standard 
unit maze stimulate differentially The differential cues seemed 
to be auditory m character, and to come from the floor. 

Watson’s work (31) on rotation led him to assume that the rat 
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is able to sense direction. It is well known that the rat is espec¬ 
ially adept at orienting itself in practically all types of spatial 
complexes. Dashiell (6) used an open type maze with many 
alternative equal-length pathways. In this maze he found that 
learning consisted in establishing not a definite pattern of specific' 
turns, but of some more general orientation function A question 
arises as to whether such behavior is mediated through the ordi¬ 
nary avenues of stimulation, or whether, as Watson assumed, the 
rat is equipped with a special sense of direction. Experimental 
results throw some light on this pioblem Gengcielli (13) trained 
rats in a cross maze which was rotated 90” one day and 180” the 
next, and so on No disturbance resulted from rotation However, 
when the animals were started in the food box they tried to turn 
in the accustomed manner and thus encountered a door which 
served to close off one of the unused prongs of the maze. The 
animals were oriented m a particular way in relation to the start¬ 
ing place, but not in relation to absolute direction. Higglnson (14) 
has shown that in a homogeneous environment rotation does not 
result in disturbance Trueblood (26) tiained 25 rats in a tunnel 
maze. The maze was then rotated without disturbance in the per¬ 
formance of the animals. The results of these experiments force 
us to conclude that the rat is not equipped with a special mechanism 
for detecting direction, and that the orientation function is de¬ 
pendent either upon the various ordinary sensory cues of the moment, 

* or upon some symbolic neural process, or both. 

PROPMOCBPTIVB STIMULI 

The experimental studies on proprioception indicate that this 
process operates within somewhat narrow limits in the establish¬ 
ment and control of the maze habit. Walton (30) established a 
multiple visual-discrimination response m a six-unit maze, and then 
attempted to discover whether visual control could be transferred to 
kinaesthctic. Twenty trials were required for learning He allowed 
the visual cues to remain in their original positions for 20 trials 
after the discrimination problem was learned, and then reversed 
these cues. The animals followed the visual cues A transfer 
was not effected in 20 trials. Dashiell and Helms (7), using a 
revolving cross maze with the correct alley inclined at an angle of 
30 , were unable to establish a maze habit within the limits of 200 
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trials. This result is somewhat surprising since Ruch (23) has 
shown that practically all rats can discriminate an angle as small 
as 4" Nevertheless, the experiment raises a further question re¬ 
garding the importance of Icinaesthesis as a factor in the establish¬ 
ment of the maze habit. 

Dennis (9) attempted to discover whether or not a somewhat 
simple problem could be solved on the basis of proprioception alone. 
Differential exteroceptive cues weie eliminated. The rats were re¬ 
quired to locate a wire ladder in the center of an open space, to climb 
it, and to run along an elevated surface to food. After the animals 
learned the pioblem m daylight, they were tiicd out m darkness 
They were unable to solve the problem. Blind rats used on the 
problem reached an accuracy of only 7 per cent In a modification 
of this experiment seeing rats learned to run straight ahead to food; 
but blind rats were unable to do so, making an average error of 
15.2*. The experiment shows that without differential exteroceptive 
stimuli the rat cannot, except by chance, run to a spot a fixed dis¬ 
tance ahead. The latter ability should be present if proprioception 
is to be accepted as the basis of maze learning 

Lashley and Ball (19) attacked the problem from a different 
angle They permitted rats to learn a simple alternation eight-cul 
maze, then sectioned the proprioceptive tracts of the spinal cord. 
The ability of tlicir animals to traverse the maze was unimpaired. 
On the basis of their results these workers rejected the reflex theory 
and concluded that the motor sequences were determined on the 
basis of some wholly central neuial mechanism 

Following a slightly different lead, Dorcas and Gray (12) inter¬ 
fered with kmacsthetic stimulation by removing muscles, limbs, and 
other parts of the animals They were attempting to discover 
whether interference with the kinaesthetic pattern of response during 
learning would disturb the accuracy of performance. There was 
no significant increase of errors after the operations 

An Experiment with the Temporal Maze 

Hunter’s woik (15) on the pioblem is unique He used a temporal 
maze A temporal maze (Figuie 1) is one in which the animal is 
required to repeat the various parts of the maze pathway a number 
of times ip new combinations. His was a double alternation prob- 
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FIGURE 1 

A Temporal Water Maze 

In the double slternation problem (rrll) the animal is required to traverse 
the following course* Starting from 0, the Urst round is made by proceeding 
down the central alley to point Xj then tuining right around the end of 
rectangle and returning by way of door S (which is opened at the 
appropriate moment) to 0 The aecond round is a lepetition of the first, 
The third and fourth rounds are similar to the first and aecond, the dif¬ 
ference being that the animal turns left at v instead of right, and therefore 
returns to 0 by way of door T instead of door S Either of the two bulbs 
A and D may serve as a dilfeiential stimulus. 

lem requiring the animal (starting at Oj Figure 1) to run down the 
central alley and to encircle the rectangle R twice, and to follow this 
by two trips around the rectangle L The doors S and T were 
opened at the appropriate moments, In his first experiment Hunt¬ 
er’s animals did not solve the problem, even after being trained to 
the point of mastery in a spatial maze possessing like turns, and tlicn 
being transferred to the tempoial maze According to the kinaes- 
thetic doctrine, any problem so simple should have been easily solved 
by all of the animals; for, according to this doctrine, the kinaesthetic 
cues from tunning one segment contiol the running of the next, so 
that a chain of proprioceptive activity results. 

Huntei (16) later trained 11 rats on a double alternation problem 
on a spatial maze until 10 of them mastered it. This requiied from 
10 to 115 trials. Four of these animals, after being blinded, con¬ 
tinued to make perfect records These four were transferred to 
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an elevated temporal maze and given from 109 to 180 trials, but only 
three of them ever made the required llrr response. Altogether 
tiic animals made only 13 correct responses Thus Hunter found 
that It was next to impossible to set up a merely temporal sequence 
of kmaesthetic processes. Why was the problem so difficult? Ac¬ 
cording to the kmaesthetic chain-reflex theory used as an explana¬ 
tion of learning in a spatial maze, the problem should have been 
easily solved. 

The results obtained in the above-mentioned experiment led 
Hunter to suspect that trauiing under somewhat different conditions 
might lead to the establishment of the double alternation response 
in tlie temporal maze. Hunter, therefore, woiking with Nagge 
(18), trained rats in four boxes arranged side by side, the animals 
being required to turn left in the first and second boxes, and right 
in the third and fourth. Three of the boxes weie then eliminated, 
one at a time, to produce a temporal maze Some of the animals 
ran three oi moie successive llir responses when the boxes were 
reduced to one Thus, with long continued tiaining of a very 
special kind, Hunter finally succeeded in establishing the double 
alternation response in a temporal maze But why again was such 
special training necessary, and why were so many trials required? 
If the chain reflex is responsible for maze learning why does it fail 
to operate or operate only in such an unsuccessful manner in the 
temporal maze? Hunte/s work with the temporal maze raised the 
very pertinent and as yet unanswered question as to how an animal 
can use the kinaesthesis, connected, let us say, with a right hand 
turn, at one moment to initiate a tuin to the right and at 
another moment to initiate a turn to the left It is a platitude to 
say that a stimulus cannot m itself produce first one response and 
then another. The explanation of the fact that it is almost if not 
entirely impossible to establish the double alternation response in 
the temporal maze appears to be this* the use of the temporal maze 
nullifies the differential value of the exteiocepuve stimuli. The rat 
readily learns the spatial maze, even though it be extremely complex, 
because each turn has its own differential exteroceptive stimulus cues. 
After the habit is well established, if the differential exteroceptive 
cues be gradually withdrawn (thus foiming a temporal maze), some 
of the animals, as Hunter and Nagge have shown, can maintain the 
response. During the learning process some implicit formulation 
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of the problem is probably effected, and this process now controls 
the integrated sequence of movements in the absence of differential 
sensory stimuli. 

The writer has recently completed a discrimination experiment 
which bears on the problem of the role of kinaestliesis in the estab¬ 
lishment of the maze habit. Six rats were used on a double alterna¬ 
tion problem in a temporal water maze (Figure 1) provided with a 
visual cue. Two ten-watt incandescent light bulbs were hung inside 
the maze jus.t above the water level, one in each of the two corners, 
A and The animal started in the maze at 0, and the problem 
required that it swim around rectangle R twice, and then encircle 
rectangle L twice, thus completing an rrll response before arriving 
at the goal. The goal consisted of a ladder lowered into compart¬ 
ment 0 just as the animal completed its last round. Bulb A served 
as the differential stimulus' it was kept lighted until the first two 
rounds were completed. Neither of the bulbs was lighted while 
tile last two rounds were being made 

The maze (Figure 1) consisted of a heavy galvanized iron tank 
(24 inches by 48 inches) in wliich two galvanized iron boxes, R and 
L, were placed as indicated, Two doors were hinged to the end 
wall of the tank as shown m the figure. The maze was supported 
by a metal frame 36 inches high. The water in the maze was 
maintained at a depth of approximately 5 inches. The maze was 
located in a “dark room” at the middle of the floor, and was il¬ 
luminated from the center of the ceiling by a 150-watt light provided 
with an opaque globe. The maze was separated from tlie experi¬ 
menter by a heavy black canvas screen 6 feet by 8 feet. 

The experimenter started each trial by reaching through a flap 
in the maze and placing the rat in compartment O. Tluough an 
“eye hole” in the screen he observed its performance; and by means 
of handles which projected through the screen, he opeiated the 
doors to comply with the conditions of the problem. Each rat was 
given two trials daily, one in the morning and one in the afternoon. 

It will be observed that the animal always arrived at the goal 
from the left side of the maze. This approach to the goal from the 
left is mentioned because, after a few trials were completed, it re¬ 
sulted in a definite and strong preference by the animal for the left 
side of the maze. This preference for the left side of the maze was 
characterized by persistent left hand turns when the anim<al ai rived 
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nt point V after traversing the central alley of the maze After a 
few days’ acquaintance with the situation each animal, upon being 
placed m the maze at 0, came to take the following path, or some 
rather close approximation thereto In completing the first round, it 
swam down the central alley to x, turned left and continued on to 
the closed door T; it then retraced its path back to x and came on 
around the right side of the maze and passed through door S to the 
starting point 0. The second round was a repetition of the first. 
The third round was a repetition of the first part of the preceding 
round, but since door T was now open, the animal, upon arriving 
tlicrc, passed on into compartment O The fourth round was a 
repetition of the third. Each of the animals persisted in this course 
for more than 50 trials—some of them as many as 500. Now, since 
the animal tended to make a left-hand turn on each of the four 
rounds, it will be seen that the successful solution of the problem 
required the elimination of the first and second of these left turns, 
In other words, it required the elimination of the xTx loops. Five 
of the SIX animals succeeded in eliminating these loops in from 90 
to 500 trials, and thus arrived at a solution of the problem - The 
loops were eliminated one at a time. 

The series of trials in which a right turn at x was m the process 
of being substituted for a left turn, on the first and on the second 
round of each trial, was most interesting to observe Each animal 
reached a point in its training where, upon arriving at x, it appeared 
to be held on a balance, and would shift from side to side m the 
central alley, turning and extending the head in the direction of the 
shift One of the animals, m making the first round on a number 
of trials, shifted back and forth as many as eight times. At this 
stage the time required for a trial often doubled or even trebled 
that required in earlier stages of training. After making such in¬ 
decisive responses on a considerable number of trials, the animal 
eventually achieved a right-hand turn on the second round. This 
was later followed by a right-hand turn on the first as well as on 
the second lound, and thus the problem was completely solved. 
After a solution of the problem was once achieved, the animals re¬ 
verted only occasionally to the left-hand turns on the first two 
rounds. 

The question may now be raised as to what role kinaesthesis played 
in the establishment of this double alternation response. Until one 
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of the loops was eliminated, practically all of the turns at x were 
Icft-liand turns. From then on until the other loop was eliminated, 
approximately three-fourths of the turns were to the left. Even 
after the problem was solved half of the turns were still of the left- 
hand type. So we have the case of a group of rats, each of which 
has made hundreds of left turns and almost no right turns, beginning 
to eliminate the first two left-hand turns Is it possible to explain 
this modification of behavior on the basis of kinaesthcsis? It would 
appear that if kmacsthesi's is a factor m the establishment of the 
maze habit, these animals learned the maze in spite of it rather than 
because of it. 

The results of this experiment seem to argue strongly against 
the doctrine of kinaesthcsis, and to suggest that the modification m 
behavior was achieved on the basis of some symbolic neural pioccss, 
either central or peripheral This suggestion is strengthened by the 
fact that three of the animals were able to continue theii control 
of the habit upon removal of the visual cue, and the other two were 
able to regain it after a few additional trials witli the visual cue 
removed. 

An Experiment on Altering the Pattern of Locomotion 

Macfarlane (20), like Lashley and Ball, and Dorcas and Gray, 
attempted to discover the effect that a change of kinaesthctic pattern 
would have upon the establishment and control of the maze habit. 
He altered the kinaesthctic pattern, however, not by transecting 
neural pathways nor by removing muscles, etc., but by changing the 
pattern of movement of the animal from one of swimming to one of 
running and vice versa. He used a 10-cul maze consisting csscntiallj 
of 10 boxes (5 Inches by 35 inches) set side by side. The true path 
led from the first box through a door into the middle of the second, 
from the second box through a door into the middle of the third, 
and so on. Change of movement pattern during the learning process 
scarcely altered the shape of the learning curves for time and errors. 
This leads one to infer that m the early stages of learning the rats 
depended primarily upon exteroceptive stimuli. When the change 
of movement pattern occurred after mastery of the piobUm had been 
achtevedj many of the animals were able to traverse the maze as 
usual, and the increase m errors for most of the others was small 
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These facts lead to the inference that the maze habit was controlled 
by processes other than kinaesthetic. 

Macfarlnne’s method seems peculiarly adaptable to a solution of 
the problem He has pointed out that the pattern of movement m 
swimming differs radically from that in running • the former is one 
of being flattened out, whereas the latter is one of being pulled 
together, so to speak. It appears unquestionable that the kinaesthetic 
patteins of stimulation in the two types of locomotion are different 

Macfarlane’s results show that, under his conditions, the kin¬ 
aesthetic factor IS indeed a small one in the establishment and control 
of the maze habit. However, a study of Macfarlane’s maze raises 
the question as to whether it was so constructed as to favor contri¬ 
butions of a fcinacstlietic nature Examination of the maze leads one 
to suspect that it is especially favorable to visual control for the 

nnimal, in order to follow the tiue path, needs only enter eacli 

compartment thiougb a dooi on one side, and emerge from the 
compaitment through a door on the opposite side From the place 
of entiy of the nnimal in each compartment the exit door on the 
opposite side of the compartment is always conspicuously located at 
fi distance not grcatei than 16 inches Robinson and Wever (22) 
have shown that white rats are able to ascertain visually whether 

a path is open cr closed at a distance of 18 inches It may be that 

the problem resolved itself into one of entering each compartment 
in succession at one side, seeing the exit on the opposite side, and 
following that exit. 

The writei desired to ascertain whether results similar to those 
obtained by Macfailane would acciiie m a maze so constructed as 
to obviate tlie easy visual cues. The problem was limited to one of 
determining tJie effect of a change of movement pattern (swimming 
to running) upon the coniiol of an established maze habit. 

The maze used is illustrated m Figure 2 It is an 8-cul multiple- 
T maze with walls and floor constructed of sections of galvanized 
iron The walls are 12 inches high and the maze pathways are 
inches wide. Compartment 1 is the stalling box and G is the goal 
{a bakclite stand supported by metal legs 5^ inches high) The 
maze is situated in a glass box 50 inches square by 14 inches deep. 
This box, including the maze, was enclosed m a beaver-board box 
the celling of which was 48 inches above the floor of the maze. 
The maze was lighted internally by nine 25-watt bulbs arranged 
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figure 2 

A Spatial Maze for Determining the Effect of an Altered Pattern op 
Locomotion Upon the Control of a Maze Habit 
The maze ia constructed of sections of galvanized iron, and located in a 
glass box which contains water at a depth of five inches Compartment 1 
is the starting box, and the blacL square G is the goal Compartments I, 
2, 3, 4, S, 6, 7, and 8, are the culs-de-sac. 

at regular intervals in the ceiling of the box enclosure. This box 
was provided with three doors, each 12 inches square, one located 
in the front wall and one on either side. The water in the glass box 
and maze was maintained at a depth of approximately 5 inches. 
The experiment was conducted during the months of July and 
August, and no attempt was made to control the temperature of the 
water. Presumably it did not differ greatly from that of the 
atmosphere. The reliability of the maze was computed by correlat¬ 
ing the errors of the odd-numbered runs with the errors of the even- 
numbered runs, The first 26 trials were used m the computation, 
the coefficient was found to be .9. 

Thirty-four white rats were used in the experiment. Males and 
females were equally represented The animals were 40 days old 
at the beginning of the experiment. 

EslalfUshtiiff the Habit: A Swtmmtng Pattern A trial was given 
by introducing the rat into compartment 1 (Figure 2) of the maze 
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by way the front door of the maze enclosure. The animal was 
placed with the head toward the blind end of the compartment so 
that the hand could be removed and the door of the box closed before 
the animal was started on its way in the maze. When the rat 
arrived at the goal ((?), it was removed from the maze by way of 
one of the side doors of the maze enclosure, and immediately re¬ 
turned to its living cage. Each animal was given one trial daily 
for 45 days. 

In scoring for errors, the animal was considered to have entered 
a cul when its head and shoulders were earned into the alley leading 
thereto. Retracing errors as well as errors made in a forward 
moving direction were counted A record of the time occupied by 
each trial was kept. The time of a trial was taken as the time spent 
in the water Figure 3 shows the average number of errors made, 
the average time consumed, and the number of animals that made 
errorless runs, on each of the 45 trials. A glance at the curves for 
time and errors shows that the maze habit was rather well established 
before the tenth trial. However, the training was continued for 35 
more trials, if possible, for the purpose of establishing a kinaesthetic 
pattern of control 

This training period was marked by only two events of unusual 
interest. The first was an electric storm which occurred during the 
18th trial Thunder and lightning were almost incessant through¬ 
out this trial period. A large tree near the building was shattered 
by lightning. On this trial there was a great increase in average 
time, and a slight increase in the average number of errors. The 
other event, which occurred at the 22nd trial, was an unusually hot 
day—mercury at 103 F. The rats seemed almost overcome, and, 
upon being placed in the water, would float for a considerable length 
of time before starting to swim down the maze pathway. The aver¬ 
age time was greatly increased. The errors, however, did not in¬ 
crease appreciably, 

Alteration of the Pattern: A Running Pattern. On the 46th trial 
the pattern of movement was changed from one of swimming to one 
of running. This was accomplished by introducing a false floor into 
the maze alleys. The floor consisted of wire doth attached to the 
walls of the maze with its surface m a horizontal position one inch 
beneath the surface of the water. In conducting a trial the animal 
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was introduced into the niaze as usual, but on account of the false 
floor it was compelled to wade in water one inch deep rather than 
to swim as in the foregoing trials. With the arrangement of the 
maze the animals were given ten trials each The results as re¬ 
gards errors, time, and errorless animals are given in Figure 3. 
There was a considerable increase in both the average time and the 
average number of errors A comparison of the errors made on trials 
45 and 46 may be had by a glance at Table 1 

TABLE 1 


Comparison of Errors om Trials 45 and 46 

Mean errors on trial 45 

0S8 6 

.0578 

Mean errors on trial 46 

.676 a 

.198 

Difference 

618 a 

.2062 

Difference {a difference 

2 99 


Odds favoring a difference 

99 9 to 1 


A comparison of the time consumed in 

trials 45 and 46 may be had 

from Table 2 



TABLE 2 



Comparison or Time on Trials 45 and 46 


Mean time on trial 45 

9 55" 9 

1.03" 

Mean time on trial 46 

2141" 9 

4 8 " 

Difference 

n 86" 9 

49 " 

Difference /<r difference 

2.42 


Odds favoring a difference 

99,2 to 8 



The foregoing tables show that the differences statistically are 
real differences. However, the 46th trial did not bring about a 
reversion to initial performance. The average of the errors on the 
46th trial was .676, whereas the average of the errors on trial 1 
was 3 823. The average time on the 46th trial was 21 41 seconds, 
whereas tlie average time on trial 1 was 110 seebnds. Moreover, 
this increase in time and errors accompanying the change of move¬ 
ment pattern was not a characteristic of the behavior of all of the 
animals. Refeience to Figuie 3 shows that 23 of the animals le- 
mained errorless on the 46th trial In other words, so far as errors 
were concerned, over half of the animals remained undisturbed by a 
change of movement pattern from one of swimming to one of running. 
Table 3 gives the number of cnorless animals, the number of ani¬ 
mals making errors, the total number of errors made, and the aver- 
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TABLE 3 


Trial number 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

Errorless animals 

23 

25 

23 

21 

20 

22 

22 

22 

27 

27 

Erring animals 

11 

9 

11 

13 

14 

12 

12 

12 

7 

7 

Total errors 

Average number 

23 

13 

27 

19 

27 

26 

16 

26 

14 

9 

errors per erring 
animal 

2 09 

144 

2.45 

1.46 

\ 92 

2.16 

1 33 

216 

2.00 

128 


age number of errors of tlie erring animals, on each of the ten trials, 
made subsequent to the introduction of the change in movement 
pattern. Moie than half of the animals were enorless m each of 
the ten trials attended by the altered pattern. Furthermore, the 
increase in errors and time which occurred with some of the animals 
need not be attributed to disturbance of a kmaesthetic chain reflex: 
subsequent to the 45th tiial, the exteroceptive pattern of stimulation 
must have been somewhat modified b)^ a change in tactile stimulation 
of the feet, and probably by a change m visual stimulation resulting 
from an altered head carnage 

The results of this experiment with the T maze agree essentially 
with those obtained by Macfarlane with his rectangular box maze, 
and strengthen the evidence for the contention that the maze habit 
is controlled on the basis of some process or processes other than 
kmaesthetic 

Conclusions 

In the light of the studies given m this paper it appears that the 
doctrine of kinaesthesis is inadequate as an explanation of the estab¬ 
lishment and control of the maze habit. The studies on propriocep¬ 
tion indicate that: 

1. The rat encounters the greatest difficulty in adjusting ade¬ 
quately to the maze on the basis of kinaesthesis alone 

2. The rat often succeeds in the establishment of the habit in 
spite of kinaesthesis. 

3. Interference with the kinaesthetic pattern of stimulation may 
not disturb the course of the learning process. 

4. Interference with the kinaesthetic pattern of stimulation may 
not disturb the control of a fully formed habit. 

Practically all the studies mentioned in this paper indicate that 
exteroceptive stimuli play a large role in maze learning. When the 
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various features of the stimulating situation arc altered indiscrimin¬ 
ately, disturbance in performance results. However, when cer¬ 
tain features are kept constant, even though all others arc changed, 
the animal may remain undisturbed 
Just how the extereoceptive stimuli function in the development 
and control of the habit is not so clear It may be that the stimuli 
usually function only momentarily to direct the animal into the im¬ 
mediately new stimulating situation, where the process is again 
repeated, and so on throughout the course of the maze. This much 
seems certain! whenever the maze is so constructed that each part 
possesses its own differential exteroceptive stimulus cues (a spatial 
maze), the rat readily adjusts itself to it, even though it be very 
complex. On the other hand, when the maze is so constructed as 
to nullify the differential stimulating values of certain parts (a 
temporal maze), equivocal responses develop, and the animal en¬ 
counters great difficulty in making the proper adjustment Never¬ 
theless, by training of a very special type, it is possible for the rat 
to develop a maze habit which can be controlled in the absence of 
differential exteroceptive stimuli. It is evident that such responses 
must involve elements of a highly symbolic and delayed chaiacter. 
This IS a way of saying that the responses involve elements which 
are indicative of conditions in the maze far in advance of the animal. 
And who can say but that all maze learning Involves elements of a 
symbolic character? It may be that the rat eliminates the culs of the 
spatial maze by a process similar in kind, only less elaboiate. This 
is not the problem of the present study however; it is only an in¬ 
teresting question raised by an investigation of the role played by 
kinacsthesis in the establishment and control of the maze habit. 
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LE ROLE DE la KINESTIIfiSIE DANS L’feTABLISSEMENT ET LE 
CONTROLE DE L’HABITUDE LABYRINTHIQUE 

(R^surn^) 

On resume bnivemcnt nombrc d’exp^riences sur Ics efFcta dca stimuli 
ertircccptifs aur I’apprcntisaage du labynnthe par Ics rots. Lea resnltats 
do CCS exp^iionces Indiquent quo les stimuli cxt^roccptifs jouent un r61e 

consid^iable 

On pr^sentc auaal nombic d’cxp^riences sur les cffets des stimuli pro- 
prioccptifs SIM I’4tnblis8cmcnt ct le contrdle de riinbltude Inbynnthiquc 
Deux cxpiriences de cc groupe-ci ont ^t6 faites par I'nuteur. Dans la 
prcmiire experience on a employ^ six lats sur un problime de discrimination 
i alternation double dans un labynnthe tempoiel h eau Cinq d’entre les 
animaux ont appiis Ic problime (c'cst'A'dirc, ont appns ^ touiner it 
dioite dans lee deux piemicis paccours) en de SO ^ SOO ^preuves, malgri 
I'exercicc persistant et continu pendant longtemps de tourncr i gauche 

Dans lA scconde expdrieitce on a employd trcnte-qiiatic rats dans un 
labynnthe spatial ii cau cn forme de T composd de 8 cula pour tester 
I'effet d’line foime de changement de mouvement (I’action de courir an 
lieu de nager) sur le comrolc d'tine habitude labyrmthiquc dtablie Vingt- 
trois dcs animaux n’ont pas iti derangds par le changement de la forme 

Les rdsultnts dc ccs experiences sur la pioprioception s’opposent ^ In 
klncsthdslc comme explication adequate de I'apprentissngc du labynnthe 

S, Evans 

DIE ROLLE DER KINASTHESIE BEI DER FESTSETZUNG UND 
KONTROLLE DER LABYRINTHGEWOHNHEIT 

(Refernt) 

Eine Anzahl der Expeiimentc ubei die Wiikiingen der cxterozeptiven 
Rcizc auf dna Labyimthlernen bei Ratten werden kurz bcsprochcn Die 
Eigcbnisse dieser Experimente wcisen darauf hm, dnss cxtcrozeptive Reize 
eine wlchtige Rolle spielen 

Eine Anzalil Experimentc uber die Wirkungcn der propnozeptiven Reize 
auf die Festsetzung und Kontrollc der Labyrinthgcwohnheit werden ange- 
geben Zwei Experimente der letzteien Giuppe wurden von dem Aiitoi 
ausgefiihrt In dem ersten Versuch wurden aechs Ratten bei einem Dop- 
pelabwechselungsunterschcidungsproblem in einem Zeitwasserlabvrinth 
gebraucht Funf dec Tiere Icrnten das Problem (d h, lernten das RechtS' 
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biegcn be! (ler zw«iten Runde) in Ton 50 bia 500 Proben, trotz der beharr- 
lichen vind langcn Ubimg beim LinLsblegen • t> .. 

In dem zweitcn Experimenl wurden vieriinddreissig Ratten m einem 
nchteanKlgen Raum-T-Waaaerlabynnth gebraucht, urn die Wirknng einer 
Vernndcning dcs Bewegungamnsteis (Schwimmcii odei Gchen) niif die 
Kantrolle eincr festgeaetzten Labyrinlhgewolinheit zu erforschcii Drcumd- 
zwan/iE der Tiere blicbeii durch die Verandeiung dcs Musters unverwirrt 
Die Ereebnisse dieser Versuche uber propnozeption sprechen gegen die 
Angeinesseiiheit der Kinastbeaie ala Erllariing dcs Labyrinthlernens.^^^ 
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Introduction 

A student m tlie study of child life investigates the process of con¬ 
cept formation that he may moic intelligently participate in the 
directing of personality development. At the outset, thciefore, he 
acquaints himself with the studies concerning the development of 
concepts which have accumulated through the centuries Having 
these he weighs and consideis them in the light of scientific findings 
in order to discover a foundation on which he may base a program. 
With these findings in mind he is then at libeity to project his 
.advanced study or lay a program for careful investigation of unsolved 
pioblems 

The Purpose op the Study 

It is the purpose of this study (I) to present a brief outline of 
the major studies in the development of concepts and of children’s 
drawings and (2) to give a summary of an investigation concern¬ 
ing the relationship between the foimation of concepts and the child’s 
overt behavior 

Historical Survey 

From a survey of the studies in the development of concepts it 
may be seen that* 

1, By theory or by assumption it has been held that 
a Thinking progresses' 

1) From the whole to the part—Deductive (45) 

2) From the part to the whole—Inductive (2, 16, 17) 
b All concepts arc built 

1) From the perceptions which come through the channel 
of the senses (20, 40, 69). 

•Accepted for publication by Carl Murchison of the Editorial Board, and 
received In the Editorial Office, October 29, 1935 
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2) From the materia) vrhich comes Co the individual cither 
by way of the senses or by reasoning {69, pp, S2-83). 
c Perceptions are welded together to foim concepts by vari¬ 
ous forms of nasocjation (3, 28, 30, 31, 46-48, 66, 67, 71) 
d Concepts are built by means of “biain paths" or S-R 
bonds (29, 64) In opposition to this see (21, 36, 37, 70), 

2 By rcscaich and experimentation it has been found that. 

a Development progresses from the whole to the pa it 

1) Body movements progress from the orgnnUm-as-a- 
wholc to differentiated and specialized activities (IS, 

18, 26). 

2) Learning progresses from the vague impression of the 
undifferentiated total to the emergence of discrete de¬ 
ments (1, 19, 55). 

b Maturation is not caused by experience but Jt pjogresses 
■with It (8, 9, 12, 13, 15, pp. 989-1009) 
f Certain chemical compounds may deter physical activity 
withoiic hindering maturation (15, pp 989-1009) 
d A discrete element ot a total pattern may undci favorable 
conditions call forth the response which had previously 
been given to the total pattern (35, 52, 53, 56).' 

As the findings presented m part 2 have been discoveicd by scien¬ 
tific research and have been found true by expenmentation and 
testing, they arc held in mind for future use. Now in order to de¬ 
termine some of the factois which influence the formation of 
concepts it would be wise to study those made by very young children. 
But here one is handicapped by the mcagerncss of tlie child's vocabu¬ 
lary Inasmuch as the child is able to portiay by means of diawings 
concepts which he is not yet able to expiess by either written or 
spoken language, the investigator turns to this foim of expression 
as a means of determining the child’s concepts, 

A survey of the studies made in childien’s drawings show that they 
have followed roughly nine different lines, Tliese are presented 
briefly in Tabic 1. From these studies it may be seen that* (1) 
drawing is a form of expression, (2) fhe child up to the age of nine 
years draws from memor)'—^lie thus portrays his mental pictuies; 

'For a fuller discussion concerniDg these studies see Mott, S M,, The 
Development of Concepts (A Study of Chtidien's Drawings) Ph,D Thesis 
New York Univ, 193S. Pp 2-20. 



DEVELOPMENT OF CONCEPTS 


201 


TABLE 1 

Studies Mads in Chilokln’s Drawings 



Field 

Significant contribution 

Preyei 

Stern 

Individual 

Pioneer work In the field. 


Notes on the development of son’s 
drawings 

Luquet 

u 

‘'Conservation and modification of 
type ’» 

Eng 

tl 

Comparative study of Margaret's 
drawings with those of other children 
of same age and of these drawings 
with those of primitive peoples 

Lnmpreclit 

Race 

Study of racial similarity and dif¬ 
ferences 

Ricci 

Knowledge 

Drawing de'icribes an ob 3 cct accord¬ 
ing as the memory of it is more or 
less clear in the child’s mind 

Pflssy 

\{ 

Drawings are a collection of im¬ 
pressions more or less separate, each 
being drawn without regard for its 
relationship to another 

Bnrnes 

a 

Drawing is for the child a lan¬ 
guage, he thinks in small units 

Lukena 

K 

Comparative study of drawing and 
language 

Sully 

If 

Study of stages in the drawing of 
the hand 

Chiids 

Drawing 

ability 

Scale for measurement of drawing 
ability 

Kline-Carey 

If 

Scale for measurement of drawing 

ability. 

McCarty 

tt 

Scale for measurement of drawing 
abiliQr, 

Thorndike 

f| 

Scale for measuiement of drawing 
ablli^ 

Karrcnberg 

Effect of 
di awitig 
lessons on 
drawing 

A child’s diavving may he improved 
without altering his individual style 

Herrick 

Katzaroff 

Interest 

Fioneci work in the field 

Maitland 


Interest shift with chronological age 

Partridge 

ti 

Compaiativc study of the frequen¬ 
cies with which children of different 
ages draw vnnous paits of human 
figuie 

Schiiyten - 

Norms 

Pioneer work, 

Lobsein 

Cl 

Norms baaed on the proportions of 
the various parts of the human figure 

Ivanoff 

Kcrschcnsteiner 

IK 

SiY-point scale 

The ten steps in the development of 
drawing of the human figure 
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I'ABLE 1 (couluiucd) 


Gooilenougli 

(1 

Sc.'ile for the measurement of intel¬ 
ligence by drawing 

Bullard 

Sex differences 

Drawings of boys differ from those 
of girls in the choice of pails em¬ 
phasized 

Biut 

Nervoua 

disorders 

There is a quahtativo and quan¬ 
titative diffeience between the drasv- 
ings of normal and s\ibnoimol chil¬ 
dren 

Prizhorn 

(1 

Drawings of patients in hospitals 
for mental disorders differ in content 
and quality from those of normal 
people. 

Pearson 

(f 

Restlessness and emotional infan¬ 
tilism are poitrayed m the composi¬ 
tion of the drawings of deficient chil¬ 
dren ♦ 


* For Q fuller discussion of these studies see Mote, 8 M, The dcvclopinent 
of concepts (n study of children’s drawings), Pli.D Thesis, New Yoik Univ, 
193S Pp 21-37 


(3) the child. Up to the age of nine ycais, draws the human figuie 
in preference to other objects; (4) there exists a close relationship 
between concept development and general intelligence; (5) and 
drawings made by cluldicn with mental diseases differ in content and 
quality from those drawn by normal children. 

After noting the general development of the "schema” from the 
viewpoint of the addition of the various parts of the figure (22, 23, 
33, 42), the child psychologist may well turn his attention to indi¬ 
vidual differences. Each child builds his own "schema” according 
to his own design. One builds his out of many shoit lines, another 
scarcely lifts his pencil. One has many broken disconnected lines, 
another a few swinging strokes. One child painstakingly repro¬ 
duces an intricate design over and over again, anotliei dashes off 
his with speed and ease. Not only do these mechanical element- 
differ from drawing to drawing but also the time taken to construct 
the drawing Then, again, while one "man” is merely a head with 
a few useless appendages dangling in mid-air, another is rushing 
down the stieet with his milk bottles, while a third is taking a dog 
for a walk These are items which a student, interested in child 
psychology, will note, and of these only two have come to the 
attention of the rese.irch w'orkers Concerning the first, Pearson 
(54) found that many short and broken lines were indicative of 
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restlessness and emotional infantilism The second—the portrayal 
of activity—has been alluded to casually by the authors of indi¬ 
vidual studies (10, 22, 25, 42, 43, 57, 62) Being inteicsted in 
making a chionological study, they have confined their study to lo¬ 
cating the age of the child when he fiist represented an individual 
engaged m an activity and the type of activity portrayed One notes 
tlie fact that Luquet’s Simonne portrays activity two and a half 
yeavs before Scupin’s Bubi In fact there is such a wide range of 
ages that one wonders if the controlling factor is age 

The Method Used in this Study Contrasted with Other 

Methods 

The method used in an investigation is determined by the particu¬ 
lar end in view and by the nature of the mateiial to be sought, 
When one wishes to acquire data on some one point over a wide 
range of years or peoples then one selects the latitudinal method for 
study. TJius Kerschensteiner (33), and Goodenoiigh (23), wish¬ 
ing to determine norms, collected hundreds from the various ages. 
Maitland (44) and Partridge (50), concerned m an extensive study 
of children’s interests at the different age levels, gathered a multitude 
of drawings throughout the grades. The drawing scales of Thorn¬ 
dike (64) and Kline and Carey (34) necessitated the collecting of 
diildren’s drawings over a widespread area both m respect to chiono- 
logical age and diawmg ability. Likewise when one determines 
the differences in content and quality of the drawings made by chil¬ 
dren of different natvcmalities, as did Lamprechest and Levinstein 
(38), one collects hundreds of drawings from the various nations. 
In each of these cases the drawings of a ceitain child were held 
valuable only as they represented those of a bundled other children 
of the same age or nationality Having once been drawn they were 
no longer considered in lelationship to the child who drew them but 
in relationship to those drawn by hundreds of otlier children of tlie 
same chronological age, same mental a^, or the same nationality. 
Much can be said for this widespread, shoit time latitudinal method 
of investigation Where the material to be discovered and the end 
in view lends itself to this method, the experimenter is very for¬ 
tunate 

But there are some studies which do not fit into the latitudinal 
method of investigation. Many psychologists feel that there are 
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points in the mental development of the child which cannot be ascer¬ 
tained by the cross-sectional technique Thus Preyer (57), Shinn 
(61) and Valentine (68) have used the biogiaphical or longitudinal 
metliod of investigation What these workeis have done in their 
fields Luqiiet (42) and Eng (22) have done m the study of the 
drawings of individual children. Here the drawings were collected 
and tlie necessary data iccorded on each diawing fiom the time the 
child first began to use the pencil until she was eight or mote ve.tis of 
age. The value of this type of study lies in the recondite view of 
the development. Although they offer but few solutions to prob¬ 
lems, they furnish a mine of suggCitions for scientific investigations. 

The method used in this investigation partook of the nature of 
the latitudinal in that it was a study of the diawings of 138 children 
—562 drawings. Not only weie the drawings made bv tlicsc chil¬ 
dren studied but also tlie results of. (1) three mental tests, (2) 
three personality tests, (3) three muscle coordination tests and (4) 
two drawing tests besides the curve-angle study given to the first 
40 children This study had an average of 16 items to study In 
connection with each child or a total of 1749 factors. Thus a suffi¬ 
cient number of children were used to warrant the use of statistical 
methods. But this investigation differed from the usual latitudinal 
method in that the drawings were considered m relationship to the 
child who drew them The first 101 made thiee drawings apiece 
and the last 37 drew seven. On the sheet on which the child made 
his drawing weie recorded the name of the child and the time 
taken to draw the picture, together with the name of the person 
and the object drawn. Thus this investigation partook of the 
nature of tiic intensive study m that it was interested in the cliaw- 
ings of the individual child in relationship to his personality and 
It was extensive in that it coveied a sufficient number to warrant 
the use of statistical methods 

The Order for Collecting the Material 
The material was collected in the order of. (1) call for the pic¬ 
ture: 

Today wc are going to draw a picture of a person It may 
be any person that yon choose Draw the very best one that 
you can Take all the time that you wish When you are 
done raise your hand that we may know that you are through 
and may take up the paper. , 
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As each completed his drawing, the amount of time required to 
make the picture and the name of the peison drawn were recorded 
on tlie sheet This was followed by (2) a group test and then (3) 
the individual tests. The same procedure was followed on the sec¬ 
ond day, an alteration being the call for a “man” to be drawn. The 
third day the call was for a “man and something else.” 

The Analysis op the Drawings 
The analysis of the drawings involved. the study of the lines used 
in drawing the picture, the curve-angle relationship, the ratio of the 
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FIGURE 4 


length to the width and of the head to the other parts of the body, 
the inseition of different elements, the time icciuired to make the 
diawings, the number of different objects added, the activity por¬ 
trayed, and the portrayal of an awaieness of one’s environment. 

The Scale 

The five items; the time taken to draw the picture, ratio of the 
length to the width, the numbei of additional objects, the poitrayal 
of activity, and the portrayal of an awareness of one's environment 
became the basis for the construction of a scale It was found, by 
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trinl and error, that the first three items fitted le.idilv into five- 
point scales, 

TIME 

1 2 3 4 5 

minutes minutes minutes minutes minutes 

— 11 10 875432 — 

RATIO OF THE LENGTH TO THE WIDTH 
1 2 3 4 S 

— § 1 U fi 2J 2^ 3i 3!^ — 

NUMBER OP ADDITIONAL OBJECTS 
1 2 3 4 5 

Less than Two Three or more 

required Required One added different diffeient 

Xhc sorting technique was employed for the last two items. Each 
of the thiee sets of drawings were handed to five dificient graduate 
students to sort into five piles. (1) activity portrayed in {A) arms 
and (B) legs, and (2) awareness of one’s environment as to (C) 
dress and {D) type of activity The directions given for sorting 
the pictures for activity in the arms was. 

You are asked to consider only the activity portrayed in 
the arms. After discarding all the pictuies In which there arc 
no arms drawn, sort the remaining ones into Hve piles—No 1 
no activity portrayed No 5 the portrayal of the greatest 
amount of activity Make as mnny alterations as you wish 
until you sre satisfied with the position assigned to each draw¬ 
ing 

Those pictures in which there was a complete agreement as to the 
place in the five-point scale were selected as the pattern for that 
place. Two pictuies were then pulled from each of the five places, 
mounted on a sheet and photostated They thus became the scale 
for measuring the portiayal of activity as expressed m the arms. 
The same procedure was followed for the other three factors. The 
characteristics for eacli of the five places for the four scales are: 
a. Activity poiftayeJ in the atms 

1 No activity portrayed in the shoulders, elbows or hands 

2 Freedom at Che shoulders but none at elbow or hand 

3 Freedom at both the shoulder and elbow 

4 Less freedom but the accompanying object suggests the 
activity 

5 Freedom in the shoulder, and elbow The individual is 
actually engaged in an activity (p VI) 
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b Acdvily forlrdyed m the legs 

1 Legs appear to be useless Figure could not stand on 
them 

2 Individual represented as standing, legs parallel 

t Legs not parallel, feet turned in the same direction, 
but little idea of walking portrayed 

4 Feet in the same direction, person walking 

5 Greater freedom in hips and knees, the accompanying 
object shows that the child thinks of the person walk¬ 
ing (p vir) 

£, Awareness of on^s environment—dress 

1 No sign of any dress 

2 Dress suggested by buttons or general outline 

3 Simple dress of a general type 

4 Type costume—Indian, cowboy, policeman 

5 Dress of immediate environment (p Till) 

d. Awareness of one’s environment—type of acliviiy 

1 Figure merely standing 

2 Activity of a general type such as walking 

3 Activity less general, yet one which all might perform 

4 Activity engaged in by a certain profession or group 

5 Activity typical of the immediate home environment 

Cp IX) 

Thus, inasmuch as these were “knowled^” pictures, it may be 
said that insofar as this scale measured the number of additional 
objects, the activity portrayed, the proportion of one part to another, 
and the awareness of one’s cnviionment, it measured. the association 
(or suggestibility), the concept of proportion, the activity concept, 
and the awaiencss of one’s environment, winch were a part of the 
child’s knowledge. In other words, the scale measured by use of a 
mirror —the drawings—these personality traits. 

Thf Findings 

Upon completing the construction of the scale it was used by five 
other giaduate students in rating the pictures Table 2 contains the 
coefficients obtained by comparing the scores on the vaiious parts 
of the scale and also the coefficients obtained by comparing the 
combined score on the scale with the scores on the other tests and 
scales. The coefficient of .664 which these scores have with the 
scores on the Marston Scale is more clearly understood when the 
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TABLE 2 

Coefficients of Correlation 



Element 

Compared with othei factors 


r 

PE 

1 

Additional objects 

Activity expressed in the arms 


366 

-f- 065 

2 

Activity expressed in the legs 

Awareness of one’s environment—activity 


563 

061 

3 


484 

064 

1 

Activity expressed in the legs 
Activity expicssed in the arms 


735 

033 

2 

Awareness of one's environment—activity 


,624 

043 

3 

Awareness of one’s environment—diess 


537 

050 

4 

Ratio of length/width 


373 

062 

1 

Awareness of one’s eimroiinteni 
Activity compaied with dress 


659 

039 

Cmbnied score on activity c\piessec{ in arms 
1 Time taken to drmv the picture 

and legs 

521 

049 

2 

Scores on questions 3 nnd 13 of Marston 

Scale 

479 

052 

: 

Scoics on the scale 
Chronological age 


501 

.050 

2 

IQ (Pintnei'Cunnmgham) 


251 

063 

3 

IQ (Goodcnoiigli) 


244 

.063 

4 

Rogers’ Pcisonality Adjustment 

— 

■059 

063 

S 

Thorndike Scale 


564 

046 

6 

Scores on the Marston Scale 


664 

037 

1 

Chronological age 
Thorndike Scale 


SU 

050 

2 

Scores on the Marston Scale 


021 

.068 


scales foi the five factors aic parallel with the statements on the 
Marston Scale This coefficient is all the more significant when 
compaied with the coefficient 021 which the scores on tlie Marston 
Scale have with the chionological age It would tlicicfore appear 
that there is a definite relationship between the oveit expression of 
the pcisonality traits (quickness to lespond to a situation, participa¬ 
tion in activities, association with others and an awareness of one’s 
cnviionment) which are measured by the Marston Scale and those 
same traits as measuied by the scale This means that thcic is a 
definite relationship between the peisonality trait and the overt 
expression of the same trait 
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Validating the Finmngs 

Inasmuch as the drawing were measured bj' tlie scale which had 
been constructed bv the use of these same drawings the results thus 
obtained were checked by investigating a new group of children 
Tlie only alterations in the procedure were: 

1. Every child held his popcr U minutes, but the time used 
In drawing the person was recorded on the sheet 
2 Four additional pictures were called for a person and 
something else, an Indian, policeman, and cowboy 

Table 3 presents the coefficients winch show the lelationships exist¬ 
ing between the scores on the scale and the scores on the other scales 
and tests. 

TABLE 3 


Tub Scores on the Scale Compared with toe Scores on the Other 
Tests and Scales 


Scales 

r 

PE, 

1 Chronological age 

m 

± 066 

2 IQ (Pintner-Cunninghnm) 

.440 

066 

3 IQ (Goodenoiigh) 

542 

065 

+ Thorndike Scale 

.643 

065 

S Scores on the Marston Scale 

769 

.063 


The Significant Aspects or the Study 

Perhaps the most significant element in the study is the attempt 
to investigate the development of concepts m their relation to the 
personality traits of the child It has often been said that the black¬ 
smith sees tlie world through a horseshoe, the cobblei through the 
soles of a boot, and a dispeptic through a sour stomach, but just what 
relationship existed between the concept formation and the overt 
behavior of the child had not been definitely studied 
The fact that there is a coefficient of correlation of 769 (± 063) 
between the portrayal of activity, tendency to associate with others, 
and an awareness of one’s environment in the concepts and the 
overt expression of these same traits would lead one to ask Is tlie 
concept the result of the overt behavor, is the overt behavior the 
expression of the concept, or may they both be the result of some¬ 
thing else? 

It was noted that the child who portrayed activity in respect to 
the "man” and the "person” also portrayed activity m respect to 
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the "cowboy,” the "Indian," and the "policeman," as well as ani- 
ixials such as dogs, horses, and chickens. Thus it is seen that the 
general activity pattern was so well established as to act as a con¬ 
trolling factor in the building of new concepts, Using a different 
figure of speecli, it would seem that it acted as a guide light so that 
the child saw the world, in general, as an active world When 
this is true for activity and the tendency to associate with others, 
one woiideis about other behavioi patterns The fact that these 
patterns—activity and the tendency to associate with otheis—are 
so well established at six years of age and the fact that they influ¬ 
ence the acceptance of new ideas makes one lealize the importance of 
helping the child develop socially acceptable behavior patterns. 
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THE INFLUENCE OF QUANTITATIVE STUNTING ON LEARNING 
ABILITY IN MICE^ 

A, M. Koch and C J. Warden 

The influence of quantitative stunting on learning ability m the white 
rat has been investigated by Anderson and Smith {1, 2) and Ruch (3). 
In general it has been found that stunted rats learn a maze more readily 
than do rnts that are fed n quantitatively adequate diet The present brief 
study offers n corrobointive evidence with mice as subjects 
The apparatus used was a six culs-dc-sac linear pattern of the Warncr- 
Warden maze, as shown in Figure 1. It was constructed of wood and 
covered with wire mesh—the entire apparatus being painted a dull black. 



^Thanks arc due to Dr Alexis Caiiel of the Rockefeller Institute for 
supplying the animals and foi making avoilable the research facilities of 
the Institute for this study 
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The tests were made In the evening on six nights a week. Each mouse 
was given two preliminary trials on two successive days in which explora¬ 
tion of the outside of the maze, and feeding for two minutes in the food- 
box, was allowed. In the training scries, two trials per day were given 
If more than five minutes were consumed m reaching the food-box, the 
animal was removed from the maze and returned (without feeding) to its 
cage, and a failure recorded The animals were tiansfcrred about by grasp¬ 
ing the tail, which did not appear to be disturbing The norm of mastery 
was three perfect trials out of four The maze wat washed with a weak 
alcohol solution daily Error and time data were taken in the usual 
manner. 

Neither of the two groups was deprived of watei during the training or 
the pre-training pciiod, The animals weie 2+ hours hungry when tested 
The diet for the two groups was qualitatively the same and consisted prin¬ 
cipally of the Sherman standard diet (cracked whole wheat, 2 parts; klim, 
1 part, 1% salt; 0 5% sodium carbonate) A small amount of greens, 
kidney, liver, and powdered egg weie supplied at regular intervals to 
supplement the standard diet Each animal of the control group (1D4X) 
was allowed 75 calories weekly, whereas the ration for the stunted group 
(103X) was only 42 calories These feeding conditions began at birth 
and continued thiough the period of 15 months preceding the beginning 
of the experiment, as well as throughout the training period The method 
ot group feeding was employed, the proper amount of food for each group 
being readily consumed within the 20-minute feeding period The mice 
were all of the same strain, line, and age, hence were approximtatcly equiva¬ 
lent In every respect 

The results are indicated in Table I. As will be seen, the record for 


TABLE I 

Comparison of the Two Groups 



Number of 

Aveiage 

Average 

Aveiage 

Group 

animals 

trials 

seconds 

eirors 

10+X (control) 

15 

37.d7 

SO 79 

8 01 

103X (Stunted) 

16 

27-14 

37 99 

6 56 


the stunted group is markedly better than that foi the control gioup in 
terms of trials to learn, and in time and erroi scores Since all other con¬ 
ditions were the same for the two groups, it seems fan to conclude that the 
increased efEciency of the stunted group was due to the long-continued 
dietary deficiency It was observed, moreover, that the animals of the 
stunted gioup were more active nnd vigorous than were the controls No 
evidence was secured bearing upon the manner in which a life of semi- 
starvation operates to influence favorably the rate of habit formation 
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BEHAVIOR OP CASTRATED LIZARDS 
Llewellyn T. Evans 

While studying the genital organs anti behavior of both normal lizards 
(/Itiolis carolitiensis) and those injected with whole gland sheep pituitary 
extract and Antuitrin S (1, 2, 3, 4, 5), a number of observations were 
recorded which reveal new facts pertaining to the behavior of castrates 
of both sexes. 

These observations are significant since they throw some light on the 
nature of the territoriality urge and the lighting activities which are an 
expression of this urge It should be emphasized that normal female 
Anolis rarely fight (6) Over 150 normal females have been under observa¬ 
tion in the laboratory and none have exhibited any of the lighting reflexes 
that are so chni actenstic of the male 

A typical combat between males of this species is composed of a chain 
of reflexes which arc expressed in temporal sequence (5) It is necessary 
to describe these briefly here in older that the behavior of the castrates be 
understood 

The urge to acquire and to hold territory against other males is very 
marked The resident male, upon the approach of a strange male, will 
extend a dewlap or fan lying in the midventral line beneath the lower jaw 
(Reflex 1) This is a challenge or warning to the stranger If the latter 
docs not reply to this challenge, no fighting la apt to occur although the 
resident male may persist in his challenging display for some minutes If 
the non-resident also flourishes his dewlap, then the dorsal crest along the 
neck of each male rises slowly to a height of perhaps 4 mm (Reflex 2) 
and they begin a sidewise approach toward each other (Reflex 3) while 
they flatten their sides to such an extent that the belly diags on the ground 
(Reflex 4) When they are within sit inches of each other, they continue 
to strut back and forth with dewlap flashing and body flattened Many 
encounters end at this point The male that Is most impressed with the 
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display of the other moves off lowering hia crest and withdiawing his 
dewlap, Ilia body no longer flattened In other words, these four reflexes 
combine to produce an intimidating or bluffing effect often making it un¬ 
necessary to go farther to defeat a rival 

However, if neither male is bluffed by this mutual display, their move¬ 
ments become swifter, they move closer, and opening their mouths wide each 
strives by menns of swift snaps of the jaws to catch the snout of the other 
(Reflex 5) At last, the defeated male beats a hasty retreat (Reflex 6) svhile 
the victor pursues him for a short distance (Reflex 7) and then returns 
to a vantage point overlooking his territory and flashes hia dewlap repeatedly 
(Reflex 3) The defeated male is not molested further unless he approaches 
the victor. In this case, a flash of the dewlap is sufficient to send the 
victim into hiding ngnin 

OBseavATioNS OF Castrated Female Anolis 

1 August 4, 1934, about 11*00 a. m Sun shining A female was 
observed to be stretching up stiflly on its front legs while she rapidly ex¬ 
tended and retracted her dewlap after the manner of n challenging male. 
On August 1, 1934, this female had been injected with one macerated mouse 
testis Autopsy showed atrophied ovaries. 

2 January 2S, 1935, lO OO a m Sun shining brightly. Room temperature 
80 F Witnesses Dr, L A. Walford and Mr. B Renshaw A female 
/Inohs had received four male Anohs testes during the first week of June 
1934 (Later autopsy revealed completely atrophied ovaries.) She was 
placed in a cage containing eight femoles, averaging 2 3 grams in weight, 
from which both ovaries hod been removed during the fiist week of June, 
1934 Within five minutes a targe castrate approached the newcomer in the 
typical manner of a chitllenging male She extended her dewlnp (which is 
much smaller in females than in males) .ind very quickly the stranger did 
likewise They sidled toward each other with sides flattened and dewlaps 
flashing Soon they were strutting around each other. Then they both 
opened their mouths wide and the resident female bit the newcomer re¬ 
peatedly about the head and neck. The latter tried to do likewise hut after 
fifteen minutes of fighting was finally defeated An houi and a half later, 
at 11:30 a. m, a second resident castrate approached the stranger in a 
similar manner to that of the first resident female The newcomer fled, 
seeking refuge among the leaves at the bottom of the cage. By 1 00 p m 
no further notice was taken of the stranger. At 2 00 p m a perfectly 
normal female was placed in the cage of castrates She was challenged 
bv a castrate with the dewlap display but no subsequent fighting activity 
was observed, Thus we see that the resident female castrate follows the 
same fighting pattern and is Influenced by the behavior of the non-resident 
exactly as the normal male. 
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3 . February 1, 193S, 11.00 a m. Sun shining Room temperature 80 F. 
A large female castrate pursued a male Aiiolts, weighing four giams, so 
that he sought shelter behind a branch on the floot of the cage 

4 February 5, 1935, 10:00 a. m. A female castrate, by her display of 
dewlap and strutting with sides Aattened, intimidated a male, weighing 3.4 
grams, so much that he finally ran from her approach, 

5 February 28, 1935, 3 30 p. m, Sun shining Room tcmperatuie 80 F The 
following incidents show that a certain length of time must elapse after 
castration before the female behavior pattem u altered (n) One of the 
females castrated in June, 1934 was placed in a cage containing eight females 
which had been castrated on December 8, 1934 ‘ No interest was taken m 
the newcomer She was allowed to move about unchallenged {b) An 
hour Inter one of the female castnites of December 8, 1934 was placed in a 
cage containing the female castrates of June, 1934. Within three minutes, 
three of the resident females approached the stranger, even touching her 
with their noses One of the three took up the fighting pose; extended her 
dewlapt flattened her sides, and bobbed up and down, The stiange female 
made no response to (his display. Another one of the three began to bob 
and extend her dewlap. This caused the first resident female to pursue the 
second, while the strange female was allowed to remain unmolested. 

6 April 16, 1935, 10 0$ p m A large female castrate of June 1934 
extended her dewlap, flattened her sides, and strutted before n male design 
nated as which advanced toward hei The male promptly tinned and 
moved away 

7. April 16, 193S, 1 00 p m Mr L A Kleinholtz reported that two 
female castrates (December 8, 1934) threatened each other in a manner 
similar to that described above These two were killed a few hours later 
One of them had been bicastrated, the othei still hnd a small pait of one 
ovary although the other ovary and one adrenal gland had been removed 

8 April 18, 1935, 8 30 a m While two normal males, designated as P 
and K, were fighting, .n large bicastrate female (of June, 1934) climbed a 
near-by branch and extended her dewlap, compressed her body, and pur¬ 
sued another castrated female near by. It was not unlikely that the activity 
of this female was stimulated by (he sight of the two fighting males 

9, June 17, 1935, 11 45 a m. Male AF (noiraal m every respect) flashed 
his dewlap and turned quickly toward a female castiate of June, 1934 She 
responded by two flashes of her dewlap, then withdrew a few inches 

10. June 17, 1935, 12 15 p m While males AF and AC (both normal) 
were fighting, a female castrate (of June 1934 but not the same referred to 
in case 9) climbed a branch about two inches above the floor of the cage 
and assumed the typical male fighting pose (extended dewlap, flattened 

'These females were kindly loaned by Mr L A. Kleinholtz 
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sidesj bobbing ihe body up and down several times). She stopped for a 
moment then resumed for a few seconds more. It seems obvious that the 
actions of the females of case 9 and case IQ m^ht be explained in a similar 
manner to case 8. 

11. July 5, 1935, 11 IS a in Sun shining Room warm. A female 
castrate of June 193+ extended her dewlap, bobbed up and down on stiff 
legs with sides flattened A few seconds later she repeated the performance, 
moving slowly along the branch ns she did so. This occurred after another 
female had been removed from the same cage nt 11 10 a m. 

OOSERVATIOHS OF CASTRATED MALE Atiolls 

1. On September 2, 193+ two male Aualis (totally castiated July 26, 1934) 
were fighting fiercely with their teeth During this activity the dorsal 
crest of each male was about 2 nam. high. Both males displayed dewlaps 
and flattened tiieir sides On December 11, 1934 one of these two males was 
seen strutting and fighting again with another mole castrate 

2 February 28, 1935, 3 p. m Sun shining Mr Kleinholti described a 
fight which he observed between two males that had been bicastrated on 
December 8, 1934. Their behavior was precisely the same as that described 
for normal males (5). 

3. April 9, 1935, 3 p. m Mr Kleinholtz reported that a large and a 
small castrated male (December 8, 1934) challenged each other with dewlap 
display and flattened sides. 

+ The behavior of Male N has been described elsewhere (5). It should 
be emphasized here that this male was quite pugnacious in spite of the fact 
that he lacked cue teitls and the other was much reduced ic\ elre (a% 
autopsy revealed) 

Conclusions 

These observations strongly suggest that the urge to fight in normal 
females is inhibited by the hormones secreted by the ovaries. Fighting 
takes place among females when the quantity of hormones secreted drops 
below the threshold of inhibition In other words removal of the feminizing 
effects of the ovaries radically changes the behavior of female Anolis 

This fighting may arise through the expression of the territoriality urge 
(see cases 2 and 5) or it may be induced by imitating males which happen 
to be fighting in the vicinity (cases 8, 9, 10) 

Not only has it been shown that castrated females fight, but there is evi¬ 
dence (cases 4, 5, 6, 8) that one such female will actually dominate over 
other lizards of the same species in the same cage 

So far as males are concerned it is quite certain that lighting is not limited 
to normal males but may be indulged in by total and partial castrates 
as well 
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6 Nodi.b, G K, & Bradley, II. T The mating behavior of Iiznrds, its 
healing on the theory of sexual selection i^nji N Y Acad, Sci, 
1933, 25-100 
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EXPLORATORY EXPERIMENTS IN COLOR DISCRIMINATION 
William E Walton 

A preliminary study of the ability of white rats to discriminate colored 
lights (2) suggested a number of problems which for the last three years 
have been under investigation in the Nebraska laboratory During that 
time the notion, popular among psychologists, that the lower mammals are 
color blind has not been accepted It would seem that if they are color 
blind, nature has been very inconsistent in giving color vision to the 
invertebrates and to the higher mammals and neglecting ihe inbetweens, 
the lower mammals 

The studies reported here were initiated with the view of answering 
some of the questions iniscd concerning technique and indicating possible 
directions of research, From the various ones made In this laboratory, 
three have been selected which hove contributed to the development of a 
new method In these studies four dogs, six cats, and eight rats were used 
Students trained especially for these studies acted as experimenters,^ 

In the reports of the original studies, the writer pointed oat a number of 
flaws in Watson’s technique, Ihc most objectionable of which was that of 
training his animals to colored lights which were so vciy different in bright¬ 
ness value. Employing the ckromopathometer, a standard discrimination 
box, and an improved technique, positive results were obtained which 

'They were advanced students—^jean Campbell, Hugh Wyland, and Betty 
Baker, and graduate students—Ray Hackman, Robert Hall, and Robcit 
Hardin 
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seemed conclusive nt Ihe time While the results of the later experiments 
have indicated tlie possibility of color vision, they have aiso revealed a pos¬ 
sible failure of one of the control experiments In this control, after train¬ 
ing the subject to distinguish colored lights, an attempt ^Tas made to confuse 
It by varying the brightnesses of both lights up and down the scale Care 
was exercised to remain within the limits of approximately 25 candle power, 
the original stimuli being rated at S46 c p. These changes produced radi¬ 
cal brightness differences for the human eye and it did not seem advisable 
to chanoe going belovj the anitnal’s sitmultts Itmeit It is possible, however, 
that m varying the brightnesses of each stimulus we did not at any time 
hove the lights equated for the animal eye, 

Munn recently has published an excellent criticism of the technique 
employed (1) His criticism of one of the control experiments coincides 
with some results which we have obtained However, his technique in 
volving the use of a stimulus as weak as the one employed Is questionable, 
Our colored patches were 19 tmet more intense according to physical mcas- 
urements, That meant that instead of working around n discriminal point, 
wo were well above it It is entirely possible under the conditions of Munn's 
experiments that Ills animals simply ignored the colored lights which were 
of low stimulating value Another point to consider is that his stimuli 
were projected through the glass floor over which the animal ran, while the 
stimuli in the Nebraska apparatus were directly in front of the animol and 
at such a height ns to be on a level with the rat’s eye‘ 

Munn’s apparent rejection of the writer's findings on red vs darkness 
dlscrimiration does not alter the results obtained His explanation is not 
satisfactory, Controls were exercised which indicated that discriminations 
vjere being made. Clearly the presence of the red light was necessary, 
However, contrary to the experiments of others working in this field, the 
changes were very gradual involving between three and foui hundred trials 
This might account for the difference in results, 

The experiments which have been conducted since the first work was 
done in this laboratory have been designed to reveal the factors which are 
important and contribute to differences in results when different techniques 
are iiscd^ The technique employed is the same as that used in any dis- 

*The tendency on the part of some critics to test one's theory and tech¬ 
nique by an apparatus and method which differs so radically and to take 
negative results as proof of error is objectionable to some experimenters 
Munn’s apparatus is being duplicated in the laboratory and experiments are 
being initiated to verify or refute his findings 
*The ordinary controls in a discrimination project are well known and 
employed by any well-trained research worker As a matter of fact, many 
of these involve problems too difficult for the subjects to master On the 
other hand, the control situations many times are not properly presented 
to the animal with the result that a new problem is set up which requires 
time for mastery. 
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crimination problem and has been described elsewhere by the writer (2) 
The usual control of secondary cues was observed Space will not permit 
a publication of the details of these studies, although the tables, graphs, 
and other data may be secured from the writer Experimenter No. I ran 
four animals upon the red-blue discrimination, introducing the controlled 
experiments without any evidence of emotional conditions arising in the 
animal The changes in brightnesses were made over a long period of 
time so that the animal might become adjusted to the new problem being 
introduced At the end of this period maximum changes m brightness could 
be effected without disturbing the behavior of tlio animal, 

Experimenter No 2 trained his animals in the same manner, the sub¬ 
jects mastering the pioblem and behaving m a “normal” manner, Then 
ihe experiment was changed Instead of employing a long period of time 
for the brightness-control experiments, a shoit period was used, the changes 
from zero to the maximum of Experimenter No. I's trials taking place m 
a single day Radical behavior* resulted, the animal becoming greatly 
confused, dashing back and forth m tlie cage and, ffnally, refusing to rim 
Without exception, these radical changes in a single day produced this 
very unusual behavior The rats became useless as experimental animals, 
The same experimenter ran one rat to red versus darkness After 
trials the problem had been learned Another hundred trials fully estab¬ 
lished the association between the red light and the getting of food Then 

the brightness of the red light was lowered, the changes being very gradual 
(a slight change each day) and continued over a long period of time Fol¬ 
lowing this procedure a point was reached where the light was baiely 
discernible to the experimenter who found it necessary to place his hands 
in the passage way to detect which was being used® Below this point the 
rnt failed ® 

Experiinentei No 3 employed the same technique as No 2 with the result 
that the rats simply refused to run when the changes were too radical 

However, in support of certain views which have been held, we did find 

that the animals were more affected by radical changes in the biightncss of 
line than of led. This might suggest that red was not being reacted to 
This was not true for when it was eliminated the animals trained to go 
to blue for food had less difficulty in selecting the correct path 
Experimenter No, 7 vvoiked upon four doga^ employing the technique 

‘Some rather sensitive students of abnormal psychology object to the 
animal psychologist’s attempts at classification The term experimental 
neurosis, however, has been used bv men of recognized standing in the field, 
®No apparatus was available for measuring the absolute point 
®A failure which eliminates the possible use of any secondary cue 
’The writer regrets that this very fine study by Dr Robert Hardin, then 
a graduate student in the depaitment, cannot be given more space Pub¬ 
lishing conditions are responsible for this condensing of his findings 
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originally developed in this laboratory. A discrimination box was built 
patterned after the one used upon the rat subjects but suited to the iize 
of the larger animals. The souice of stimulation was the same Up to 
876 trials the dogs failed to discriminate red from blue (the lights being 
equated for the human eye) However, at that point, the natural colored 
bulbs in the chiomopalhometci were changed from 60 to 100 watts For the 
next 25 trials there w.ia one eiror and for the next SO trials no errors. 
From this time on the percentage correct varied from 80 to 100 Changing 
the intensities in random order belavi the brightness value of the original 
lights ( 546 c.p.) had no effect. Reducing the brightness of the blue light 
brought us to a point where the dog failed This, however, was far 
below the brightness on which the animal had been trained before the 
substitution of the laiger bulbs Reducing the red to a point which was 
photometrically equal to the blue had no effect upon the behavior of the dog 

This suggested the possibility that the dog cither was not reacting to 
the red or thot he was simply ignoring it since the blue was the positive 
light or the one which gave him food Therefore, an experiment was set 
up in which the dog was forced to discriminate red from darkness by 
going to darkness for food This was a new problem to the dog, and 
after 200 trials, the dog had not learned to make the discrimination. 
OimUuip ihe liffht caused ihe dog io rejuse io ran Reversing the problem, 
the experimenter broke down any habit which had been set up and taught 
the dog to go to red for food Extra bulbs were necessarily inserted for 
the preliminary training and then removed for the usual tests cm red versus 
darkness Success on this part of the experiment indicated that the red 
light was perceived, and the fact that in the original problem changing the 
brightness of the blue light had affected the behavior of the animal while 
changing the red had h<ad no effect simply suggested that it was ignoring 
what to him was no doubt a weak stimulus It did not indicate tliat he 
could not see it 

The second dog employed on this experiment ran too rapidly) seemed to 
depend on the closing of the door for his cue,^ and Enally formed a position 
habit BO stiong that 150 trials, on each of which punishmcnl was admin¬ 
istered, failed to break the habit 

The third dog was trained to go to red for food when blue was present. 
The dog Icaincd the problem in 640 trials after which blue was gradually 
eliminated with the result that the dog became greatly confused and did 
not learn the red-darkness discrimination after 210 trials In the light 
of the first experiment upon dogs this result was difficult to understand 
However, when blue-darkness was substituted the animal ran correctly 
to darkness Then an explanation was possible. Here was an animal 

‘As the dog entered the wrong compartment the door come shut with 
a bang, that shock being used in punishment. 
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which in the original problem had learned to react negatively to the blue 
light and had simply ignored the red. The reaction of the first and third 
dogs seemed to be in terms of blue although number one had mastered the 
red darkness discrimination The conclusion drawn at this time was that 
dogs see blue with comparative ease while they see red with difficulty 

The fourth dog gave no evidence at any time during a thousand trials 
that it could discriminate red from darkness In fact the dog behaved 
as if any problem would have been difficult. It is significant to the writer 
that if the results on dog Mo. 1 had not been obtained already, those on No. 
4 would have been taken to indicate color blindness to red Apparently, 
this dog simply failed to sense the relationship between the red light and 
the getting of food The implication is that there are individual differences 
in the learning ability of animals All might learn the relatively simple 
bluc-darkncsa discrimination but only a few, the more difficult red'darkness 
discrimination 

Experimenters Nos 5, 6, and 7 wcie given pairs of cats upon which to 
perform the same experiment No S was given two white kittens, one of 
which readily learned the problem Then the brightnesses were changed 
until a point was reached where the maximum incorrect responses were be¬ 
ing made. This point was taken to indicate brightness equality for the 
cat eye. This lowered the peicentage correct from an average of 94 to 73 
Beginning at this point 40 trials a day were run for twelve days making a 
total of 480 trials The results from this series showed for each 100 trials 
respectively, 72, 88, 78, 89 and, foi the last 80 trials, 90 per cent conect 
responses, The last control consisted of eliminating each light one at a 
time Eliminating of blue resulted in a complete breakdown In fact, the 
animal was so completely upset that it tried to escape from the apparatus 
When the cat had been restored to normal behavior and a day had 
elapsed between tests, the red light wns eliminated. Exactly the same 
hreakdown occurred Obviously the cat was upset by the omission of cither 
light The second cat had one blue and one brown eye, failed on the 
equated-intenslties test, and would not be mentioned except for the fact that 
it behaved as did the first cat xvhen the coioicd lights wers eliminated in 
the colored light versus darkness tests 

Experimenter No 6 was given two Persian kittens By the time the 
cats h.sd run .'l thousand trials they had learned the problem The control 
experiments indicated that these cats were depending more on the brightness 
factor However, lowering the brightness of the blue for the cat trained 
to go to red for food resulted in the unexpected increase iii correct responses 
This was contrary to the results which were obtained on the other animals 
being studied in the laboratory Lowering the blue to the point accepted 
by the other observers as being equal to the red m brightness for the cat 
eye had the cfiect of hindering the cat trained to go to blue for food and 
aiding the cat trained to go to red. 
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When the colors were eliminated one at a time, the cat going to blue 
for food aided by eliminating red, the responses jumping to SQ per 
cent correct, The cat going to red for food decreased its Accuracy, by the 
eliminntion of red, to 4+ per cent When blue wa'i eliminated, the cat 
trained to go to blue for food was only 25 per cent correct in its reapooscs, 
while the cat running to red for food increased his correct responses to 72 
per cent It would seem that whenever the negative light is eliminated 
the percentage of correct responses increases 
The last experimenter, No 7, was given two common gray cats When 
he had established the brightness equality of the colored lights for the 
cat eye he found the percentage coirect dropped immediately However, he 
continued the experiment and after 200 trials the responses returned to 76 
per cent correct m both cats When red was cUminated both cats showed 
an increase in the percentage correct and when blue vraa eliminated both 
cats showed a decrease m the percentage correct This Indicated that one 
cat was running positively to blue and the other cat negatively to blue 
Both were discriminating the monochromatic light, red, from blue, the latter 
being Ua equal in bnghtneas. 

After an examination of Miinn’s technique and from exploratory experi¬ 
ments m the writer's laboratory, the following conclusions have been drawn 
1. It is probable that the lower mammals have some form of color 
vision, the question is not settled, in fact, a great amount of research is 
suggested by these experiments 

2 The emotional reactions of the animal may account for some failures* 
what the animal luiil not do cannot be taken to indicate what he cannot do, 
3, Apparently interpretations of the animal’s reactions must be based on 
a knowledge as to whether (he animal was reacting positivelv or nega¬ 
tively m making his correct responses in the original training period 
4 In the experiments mentioned here, there is evidence in the case of 
11 out of 18 animals that they distinguished red from blue as color 
5. In the control experiments it is imperative to introduce the brightness 
changes very giadually, rodical changes upset the animal and, apparently, 
introduce an entirely new problem to him 
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SEX DIFFERENCES IN RECALL OF STEREOTYPED DREAMS, 
SLEEP-TALKING, AND SLEEP-WALKING 

Lawrencb Gahagan 

In this study an attempt has been made to investigate by means of a 
questionnaire (1) the frequency of recall of certain common or stereotyped 
dreams with special reference to the existence of sex differences, (2) the 
relation of subsequent dreaming to certain intensely unpleasant waking life 
experiences, (3) the fiequency of sleep-talking and (+) sleep-walking Essen¬ 
tially we have sought to add to the factual knowledge of dreaming with 
only incidental concern for theoretical implications 

Procbdurb 

A printed questionnaire was given to 559 subjects, all of whom were 
university students enrolled in courses in psychology, The gioup consisted 
of 223 men and 331 women of similar ages, the combined median age being 
19 years and the lower limit being 16 years (three cases) The rnciol 
distribution of subjects was 5+1 white persona, 15 Onentals, and three 
Negroes. The intellectual status of the group is indicated by a median 
Otis Intelligence Quotient (Iligliei Examination Form A) of 119, 

The use of the questionnaire was carried out as a routine part of the 
course work, lienee, no selection within the group occurred To piomote 
frankness and completeness in answeiing the questionnaire, subjects were 
instructed to sign then papeis with pseudonyms and to take as much time 
in answering as they found necessary 

A sample item from the questlonnaiie is given below 

gn Have you evci dreamed of flying, soaring, or floating in 
the air? 

b If so, how fiequently? (Estimate) 
c Describe. 

Typically for each item the subject was required to state whether he had 
ever had such a dieam, the frequency of its occvirience, and description of 
the dream. Foi certain items, to be described later, additional information 
was sought Data of significance and interest will be presented under 
“Results" Although the questions were posed, "Have yon ever dreamed 
of, olc.," they .ore clenily the equivalent of, "Do you now recall ever having 
dreamed of, etc ” It is not oui purpose to enter into a discussion of the 
factors influencing recall of dreams, but it is sufHcient to state that the 
matter is even more obscure than that of the recall of waking life experi¬ 
ences^ 

‘For a discussion of meinoiy for dreams, see Seashore (29, p +67) who 
says, "Only the exceptional dicain is remembered” Calkins (6, p 312) 
says that "to recall a dream requiies usually extreme and immediate atten¬ 
tion to the content of the dream" Fieud (10, p 3S) calls attention to the 
proverbial statement that the dream "fades away" in the morning 
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The interpretation of our reaulta involves the aaaumption that the fre* 
quency with which nn individual dreams a certain atercotyped dream is a 
factor promoting recall of that dream That la to say, the moie fieqiiently 
a given dream has occurred to the individual, the greater is the probability 
of hia answering affirmatively the inquiry concerning the dream From 
this standpoint our results should Indicate the relalive ficqiicncy of occur¬ 
rence of certain dreams as compared with others, both in the whole group 
and in the sexes separately. 

Results 

Some of our results are presented in the accompanying table and others 
in the following discussion. The items in the table are arranged in order 
of decreasing percentages of the whole group answeimg affirmatively The 
first column states the questions in abbreviated form, the second and third 
columiia show, respectively, the pcicentages of the whole group replying 
"yes” and "no,'’ and the remaining columns deal with sex dilTercnces. 
Columns foiu and five show the pciccntages of men and women, respec¬ 
tively, replying "yes”; column six, the critical ratio (CR),* and column 
seven shows the chances in 100 of a true dilfercnce greater than zero 
The criterion of a significant dilTerence in terms of the critical ratio is within 
limits arbitrary, we shall follow the statement of Garret (13, p 133) m 
regarding a critical ratio of 3 or greater as indicating a reliable (sex) 
dilTerence. 

The table shows, in the first place, that nil subjects lepoited having 
dreamed Eighty-eight subjects (oi 15 7 per cent) stated that they dreamed 
every night, and at the other extreme two women subjects could each recall 
having dreamed only once in their lives* One hundred fifty-six subjects (or 
Z7.9 per cent) could remember having dicamed the night previously to an¬ 
swering the questionnaire. Three hundred fifty-three subjects (or 63,2 per 
cent) stated that their dreams usually contained some reference to the 
experiences of the preceding day* Good evidence of the relationship of 
dreaming to stressful waking life cxpericncca is found in the statement 
of 131 subjects (or 23.'1- per cent) that they dream about examinations dur- 

’Calculated according to (he formulae 



’Berrien (3, p 19S f.) found no reliable relationship between the fre¬ 
quency of remembered dreaming and emotional instability as determined 
by the Thurstons Personality Schedule and the Colgate B2 Psychoncurotic 
Scale 

‘For an experimental study of the relationship of dreaming to recent 
impressions and a review of similar studies, see Malamud and Linder (18) 
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Ing the nights of the examination periods.® Extreme stereotyping in dream¬ 
ing was reported by one woman who stated that every dream was a 
“falling'’ dieam, by another woman that every dream vras a “flying” dream, 
and by a man that every dream was one of “frustrated effort” Three 
hundred seventy-six subjects (or 67.3 per cent) reported nightmares, and 
of these so reporting, 12$ (or 32.7 per cent) stated that their nightmares 
were recuning stereotypes® 

Of the pniticular stereotyped dreams inquired upon, dreams of falling 
were reported by the largest number of subjects (871 per cent) and 
dreams of being an animal by the smallest number (3.9 per cent) Reliable 
sex differences were found for only two steieotyped dreams, a significantly 
greater percentage of women than men reported “examination” dreams, 
and, conversely, a significantly greater percentage of men than women 
reported dreams of being nude (see Table 1, Items number 6 and 17) Our 
result with reference to the sex difference in “nude" dienms is in agree¬ 
ment with Middleton (20, p 462 ff.). The sex difference found for ex¬ 
amination dreams first requires confirmation 

Ovei lapping of our categories of sterco^ped dreams was frequently 
found; eg, one man dreamed of taking nn examination in the nude, eight 
subjects in examination dreams found themselves unable to write (frus¬ 
trated effort), many nightmares were dreams of being pursued by animals 
or persons, etc, 

From the table (item number 16) it la seen that the percentages of men 
and women reporting problem-solving in dreaming are strikingly similar, 
31.6 per cent and 31.7 per cent, respectively’ For both sexes the kinds of 
problems were similar and were mostly connected with their scholastic 
work Prophetic dreams, le, “dreams which come true,” were reported 
by similar percentages of men and women, 28 1 and 31 4 per cent, respsc- 

‘Bagby (1) proposes that a study of dreams during periods of emotional 
stress, eg,, period of engagement before marriage, affords a convenient 
test of the theory that dreams have their primary motivation in current 
emotional problems (Rivets’ Theory) (28). 

“For psychoan.i)ytic theories of nightmares, see Bril] (4, p 54), E, Jones 
(15, 16, p. 378) and Freud (12, p 42 ff). In the writer’s opinion, 
Prince (25; 26, pp 43T442, especially p. 442) has given the most pene¬ 
trating ciiticisms of psychoanalysis The writer concurs with Watt ($2, 
p, 123) who says that “nightmares form a crucial test for any theory of 
dreams.” 

'^In the questionnaire it was stated that the problems involved must be 
actual waking life problems Bechterev (2, p 44) cites the repoit of I I, 
Lapshin who mentioned more than 70 cases of “creativcncss” in sleep. 
Prescott (24) has discussed the relationship of poetry and dreaming. The 
writer believes that there is much to commend in Havelock Ellis’ statement 
(8, p 56), “In dreams we ate always reasoning . That our reasoning is 
bad, often even preposterous, that it constantly ignores the most elementary 
facts of waking life, scarcely affects the question ” 
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lively (item number 18) Such dreams are lo be expected from the stand¬ 
point of the wish-fulfillment theory of dreams as well as other theories, 
eg, the anxiety-fulfillment theory, the conflict theory, etc. Examples of 
prophetic wish-fulfillment dreams are such as dreams of amorous, scholastic, 
and athletic success Typical of anxiety-fulfillment dreams are dreams of 
scholastic failure® At least one subject qualified as an oracle by reporting 
(afterwards) that he had dreamed of an earthquake two days before one 
occurred. 

RWntiou of Intensely Unpleasant Expemtices to Subsequent Dreaming. It 
has been variously stated that one who has undergone an intensely un¬ 
pleasant experience is subsequently likely to dream about his experience, 
and particularly in dreaming to relive the experience (S, 7, 12, 1+, 21, 22, 
23, 27, 28, 30, 33) Especially has this been asseited with rcfcicncc to 
the dreams of soldiers in wartime® Thus Healey, Bionncr, and Dowers 
(14, p 67) say, “The clinical picture of war and other traumatic neuroses 
showed a striking peculiarity in the dream life—the patient continually 
dreamlnB of his disastrous experience"®® Rivers (27, 28, p 68) held the 
point of view that excessive repression prolonged the war neurosis and 
cniiBcd Its exprcsatoci In terrifying battle-dreams®® 

We sought to investigate the relations of subsequent dreaming to two 
prominent sources of sudden unpleasant experiences, namely, senous acci* 

®Cf, von Hartmann's statement that (31, Fart III, p 67) “as for dreams, 
all the troubles of the waking life arc prolonged into the dormant condition" 

’Turner (30, p 616) regards the recurrence of “terror dreams" as the 
outstanding symptom of the anxiety neurosis of warfare, and Core (7, p 
169) and Mott (23, p. 114) concur as to their decisive piognostic value 
Wolfson (33, p. 180) found that "frightful dreams’’ occurred in 88 of 100 
war neurotics 

*®Freud finds the redreaming of this kind of experience to be nn “excep¬ 
tion” (lOflj p, 38) and more recently a senous “difficulty” (12, p 43 f) 
confronting the wish-fiilfillment theory of dreaming In his recent New 
Introductory Lectures on Psychoanalysis (12, p 43 f), Freud says, "Only 
two serious difficulties face the wish-fulfillment theory of dreams, the 
examination of which leads ua far afield and for which we have found no 
completely satisfactory solution The first difficulty Is presented by tlie fact 
that people who have had severe shocks or who have gone through serious 
psychic traumas (such as were frequent during the war, and are also found 
to lie at the back of traumatic hysteria) are continually being put back into 
the traumatic situation in dreams According to our accepLition of the 
function of dreams, this ought not to be the case” (A critical review of 
this book can be found elsewhere. Arch Netir Q? Psychial,, 1935, 33, pp 
113S-1140), His best known works, however, apparently admit no excep¬ 
tions to the wish-fulfillment theory (Cf, 10, pp 103-112, especially p 103 f.; 
11, p 190). 

“Jones (17, p. 2l f.) points out the relatively small incidence of war 
aeuroaes among the total military population, and insists chat the larger 
problem is the determination of the pre-disposing (le, pre-military) factors 
ID such neuroses 
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dents and earthquake experiences With respect to accidents, 155 (or 26 7 
per cent) of our subjects reported that they had been involved in "a serious 
accident, e.g., automobile, train, ship, oi airplane accident, etc"“ Of the 
155 persona so reporting, 55 (or 35 S per cent) stated that they subse¬ 
quently dreamed of the accident Of these 55 persona, 30 (or 5+ 6 per cent) 
reported recurring stereotyped dreams of the accident, and 36 (or 65 5 per 
cent) also reported that the emotion was the same in the dreams as in the 
accident No reliable sex differences for any of the factors in the dreaming 
of accidents were found One man stated that redreaming the accident 
always occurred "after a close call in driving" A woman reported that 
in the dream she takes the place of the woman whom she killed in an auto¬ 
mobile accident; another woman reported that her dream is a "composite" 
(i,c, condensation) of two accidents 

Our earthquake data showed that 490 (or 87 7 per cent) subjects had 
experienced an earthquake, mostly the Southern California earthquake of 
March 10, 1933 These 490 persons consisted of 193 men and 297 women, 
and of this group 60 men (or 311 per cent) and 145 women (or 48,3 per 
cent) definitely described their emotion as flnpleaaant,^ thus indicating a 
reliable sex difference in the emotional response to the earthquake (CR. = 
401). Considering only those who experienced the earthquake unpleasantly, 
23 (or 38 8 per cent) of the 60 men and 64 (or 44.1 per cent) of the 145 
women reported that they subsequently dreamed about their experiences, and 
of those who so dreamed, 17 (or 73 9 per cent) of the 23 men and 44 (or 
68 8 per cent) of the 64 women stated that the emotion was the same in the 
dream as in the earthquake experience For those who experienced the 
earthquake unpleasantly sex differences m dreaming arc not reliable This 
is similar to the results of dreaming of ncudent experiences We may con¬ 
clude that our results with reference to the dreaming of earthquakes by 
those who experienced earthquakes unpleasantly and of serious accidents 
arc prtma facie evidence against the universality of the wish-fiilfillment 
theory, and serve as partial support of the anxiety-fulliliment theory. 

serious accident was defined as one in which some person involved 
was killed or seriously injuied Most of the accidents described were 
typical traffic: accidents, involving automobiles, street-cars, motorcycles, 
bicycles, and/or pedestrians In addition, 33 accidents of other categories 
were reported' athletics (7), fire (6), horseback riding (3), airplane (3), 
falling from buildings (2), train (2), explosion (2), miscellaneous (8) 

“Unpleasant emotional experience was described in such terms as "fright," 
"terror," "panic-stricken,” "seasick," "end of the world,” etc Of those who 
experienced the earthquake but not unpleasantly, some enjoyed It ("amusc- 
menC," "thrill”), others reported an undifferentiated excitement, and still 
others no emotional response ("indiflference," “calm") Franz and Norris 
(9, p 112) have described the reactions to an earthquake of a group of 
over 300 persons of whom 132 “exhibited great fear (panic, paralysis, 
hysterical reactions) but a greater number who acted socially or with in¬ 
telligence ” 
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Sleep-TalktUff and Sleep-Walking Three hundred and forty-four (or 61 S 
per cent) of the whole gioup gave a history of sleep-talking, comprising 129 
(op S6 6 per cent) of the men and 215 (or 65 0 pet cent) of the -women This 
difference is unreliable (C.R =214). Of those so reporting, 176 (or SI 2 
per cent) stated that sleep-talking still persists. Our values are undoubtedly 
less than the true proportion of sleep-talkers In the group because one will 
give a history of sleep talking as a rule only if he has been informed of his 
bchavioi by some other person These lesults indicate that a history of 
sleep-talking should be considered normative, i.e, modal. 

Sleep-walking,’* as one might suspect, was reported by a smaller number 
of subjects, i,c, 117 (or 20,9 per cent) of the whole group The percentages 
for the sexes are remarkably similar; 45 men (or 19 7 per cent) and 72 
women (or 219 per cent) so reporting (C.R = 0 63). This is in decided 
contrast with the greater frequency of stammering in males The median 
age at onset of sleep-walking was found to be 10 years, winch is pre¬ 
adolescent and the same for both sexes Of those giving a history of sleep¬ 
walking, 10 (or 222 pel cent) of the 45 men and only 3 (or 42 per cent) 
of the 72 women stated that the performance exists at present Tins is in 
the direction, but inconclusive, of a significant sex difference (CR = 2 72), 
and may be related to the latter adolescence of males as compared with 
females It is, however, futile to speculate as to the possible significance of 
this and several other findings described in this paper unless they are con¬ 
firmed by other investigators 

StxM&iARr 

By means of a questionnaire sex differences were investigated with respect 
to the recall of (1) certain common or stereotyped dreams, (2) the relation 
of certain intensely unpleasant erperiencea to subsequent dreaming, (3) 
sleep-talking and (4) sleep-walking For only two stereotyped dreams were 
reliable sex differences found, namely, a sigmffcantly larger percentage of 
men dreaming of being nude, and a significantly larger percentage of 
women having "examination” dreams For the relation of unpleasant 
experiences to subsequent dreaming, and for sleep-talking and sleep-walking, 
no significant aex differences were found 
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DELINQUENCY AND READING 
Paul FsNixticK and Guy Bond 
I. Introduction 

Dr William Healy, writing on the rdle of our public schools in a program 
for the prevention of delinquency, states (3) that school maladjustments and 
dissatisfactions are at the root of a considerable number of delinquent careers 
He believes, furthermore, that school people do not sufficiently realize their 
potentialities for the reduction of delinquency Dr Healy h.'is had a wcaltli 
of experience In this field and is acquainted with the multitude of factors 
whose effects are so diflicult to gauge in the development of cases of social 
maladjustment 

Dr Natlinn Peyser ( 6 ), member of the Commission of the Governor of 
New York for the Study of the Educational Problems of Pena! Institutions for 
Youth, in a study based upon surveys carried out in the New York City 
Reformatory and the House of Refuge on Randall’s Island in New York City, 
points out the high incidence of school retardation in the delinquent groups 
studied and suggests common causative factors underlying school retarda¬ 
tion and delinquency He writes: 

School failure appears to be more highly correlated with the 
incidence of delinquency than la any other condition, including 
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poverty, broken home, absence of religious association, physical 
defect, mental defectiveness, psychopathic condition, or truancy 
Failure is written large in the school histones of the great ma¬ 
jority of the boys. 

Dr Peyser then presents data indicating that 29 per cent of New York 
City elementary school children were retarded and that these children have 
contributed from 84+ per cent to 92.8 per cent of the delinquent groups which 
he investigated. He then concludes 

Assuming the basic fact of common underlying causative con¬ 
ditions, we must reach the conclusion that a broad attack in the 
schools upon retardation and its underlying causes will reach the 
factors responsible for maladjustment of which delinquency is 
but one expression and retardation another. 

With this prominent sponsorship emphasizing the school background as 
associated with delinquency, the next logical phase of inquiry appeared to 
he in an investigation of the factor or factors in the school situation that 
might accompany the evolution of the young offender Mr George H Chat- 
field, Director of the Buieau of Attendance of the New York City Board of 
Education, states^ lhat “no small portion of delinquency and social .ind emo¬ 
tional maladjustment may be traced to frustration originally caused by diffi¬ 
culty or failure in the early stages of reading" 

Already school experience and scientific research have introduced a great 
deal of evidence regarding the prime importance of reading in school work 
Percival (5) found that failures in the primary grades arc almost wholly 
due to deficiencies in reading, Lee (4) has demonstrated that a certain mini¬ 
mal amount of proficiency m reading is essential for the maintenance of nor¬ 
mal progress in the other school subjects. 

The above evidence introduces a conjecture regarding the reading status 
of well-defined delinquents If failiiie to learn to read adequately is related 
to delinquency, then a population of delinquents would be expected to show 
markedly inferior attainment in reading, 

II Nature of Present Study 

An occasion^’ presented itself so that a study of delinquents could be made 
in an institution located in New York City Commitments to the House of 
Refuge® located at Randall’s Island, New York City, are made of male per- 

‘New York World-Telegram, May 27, 1935 

®The authors are exceedingly indebted to Mr D D Scarborough, Director 
of Education m the House of Refuge, for permission to conduct this inves¬ 
tigation In addition, the senior author, tliiough a semester's teaching experi¬ 
ence at this institution, was able to procure much first hand information re¬ 
garding its academic mechanics 

®Transferred April IS, 1935 to West Coxsackie, N. Y and now called 
the New York State Vocational Institution 
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sons 16 years of age or over, but less than 19 years of age, by any compe¬ 
tent court in the state for any offense except those punishable by death or 
life imprisonment. Although there was a predominance of commitments 
from New York City on the island, the population was composed of in¬ 
mates committed from the entire New York State area. Of this delinquent 
group in the House of Refuge, over 90 per cent had been school failures 

An eight-mlnute test, Type C—^Reading To Understand Precise Directions 
—of the Gates Silent Reading Test battery (1), was selected as the most 
appropriate and expedient device for the situadoo at hand, 7'ltis test ap¬ 
peared sufRclently appropriate for our purposes inasmuch as it seemed to 
gauge such skills ns are requisite for mastering the fundamentals for the 
journeyman in the several arts and crafta According to Professor Arthur 
I Gates (1), Type C Test measures a type of reading which is very essen¬ 
tial in understanding arithmetic problems and in following directions for 
using objects and obtaining all sorts of informative material This test 
has been adequately standardized (2) and the norms exist for determining 
the chronological equivalents for various degrees of test attainment 

The test was given to 11 class groups approximately representing the total 
and available population m the House of Refuge At the time, there wore 
approximately 260 boys m the institution. The results of the present study 
ace based upon 187 cases A population sampling was obtained from boys 
assigned to such classes as sheet metal, tailoring, mochinery, cooking, build* 
ing trades, printing, and the sixth, seventh, eighth, ninth, tenth, and eleventh 
academic grades 

The boys were told that the tests would in no way jeopardize their in* 
stitutlonai status and that the only purpose was to ascertain how well they 
could read, This mfotmatlou was necessary, they were Informed, in order 
that greater benefit might accrue to them in their subsequent institutional 
training. It might be mentioned in this connection that all the boys had 
already been exposed to some psychological testing, and considerable pre¬ 
caution was taken to avoid the suspicious concomitants that were associated 
with the “bug” tests* Assurance was given that the present tests had no 
relation with any previous "bug” tests, their purpose was primarily to 
guide the stall m procuring more interesting books and other literature^ 

The examiner who administered the reading teats had already estab¬ 
lished a rapport with the boys The cooperation of these boys was excellent; 
better, in fact, than might have been anticipated under the existing cir¬ 
cumstances, Inasmuch as the boys had associated psychological testing with 

‘Appelation coined by the boys for tests previously given by the psychologist 
in the institution. 

'It might be mentioned that such current magazines as the Neim Outlook, 
Literary^ Digest, Current Htsiory, Scientific Amcrtcen, Reviev) of Reviews, 
and Scribners were on the instituhonal subscription list and served as sup¬ 
plementary reading material. 
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transfer to other institutions, there existed some antipathy to any devices 
related to their potential segregation The examiner felt that this peculiar 
state of affairs compensated for such indifferent attitudes as might prevail 
under ordinary testing conditions. 

With the measurements of the reading status effected, the official records 
of the institution were examined for each boy’s mental and chronological 
age. Binet scores were recorded for approximately one-half of the boys and 
mental ability ratings procured from the Otis Self-Administering Tests (In¬ 
termediate Examination) were available for practically all* of the boys. 
These data will be reported in conjunction with the reading results. 

III. Results 

Figure 1 shows the various degrees of mental ability evinced by the de¬ 
linquent population whose reading performance was under investigation 
Inasmuch as Dinet ratings were not available for the entire group, the in¬ 
cidence of mental alertness is reported by means of a group percentage dis¬ 
tribution chart A superficial examination of the frequencies does not appenr 
to uncover any marked variation between the Individuals measured by the 
Otis test or the individuals measured by the Binet test. The mean score 

/e 



FIGURE 1 

Percentage Distributions of Mental Ability Ratings on 185 Delinquents 
Investigated for Reading Ability at the House of Refuge 
(Randall's Island, New York City) 

*At the writing of this report, there were two cases whose mental ratings 
were unavailable In addition, there were 26 cases whose records indicated 
measurements on both the Otis and Binet scales 
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on the Oris instrument for 98 cases is 95 6 , while the mean score on the 
Binet instrument for 87 cases is 88 7. 

There were 26 cases which were reported in the institutional records with 
both the Binet and Otis IQ ratings These dually measured boys have a 
mean IQ of 83 3 on the Otis scale and 85 4 on the Binet scale. From this 
and other evidence, it appears that the institutional testing was particularly 
cautious Inasmuch as boys of low grade mentality were not confined nt 
the House of Refuge, but were transferred to a state institution for defective 
delinquents, those indicating a greater likelihood for a low mcntnl age were 
given the Binet test, The evidence already reported tends to substantiate 
this position 

The previous discussion is pertinent inasmuch as the Otis instrument is 
considerably influenced by relative adequacies (or inadequacies) m reading 
attainment Tlic Stanford-Bmet teat is influenced to n lesser degree by 
reading proficiency and would have been the preferable basis for relating 
reading attainments to Intellectual status 

Notwithstanding these varying conditions, Figure 1 presents a fairly 
good Gaussian distribution. The mean rating of 92 4±0 7, although lower 
than the mean of a random group, does not seriously aifcct the principal 
findings, particularly, when this difference is contrasted with the subse- 
I>ehn<juents 
id 



FIGURE 2 

Reading Ages and Chronological Ages of 187 Delinquents 
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qucntly reported group reading performance, the lose In the genera] level 
of mental statue can be discounted 

Figure 2 supplies the data critical to the general theme of the present 
study. The marked dichotomy between the reading and chronological ages 
IS self-evident The mean reading age for the entire population is 12 years 
and 3 months while the mean chronological age for the same group is 17 
years and 11 months. The disparity of 5 years and 8 months between the 
chronological and reading ages is quite serious. Its signiRcance is of defi¬ 
nite import to all educators, social woikers, psychologists, criminologists, and 
society-Qt-lnrge. This finding is merely symptomatic to be sure, but the 
evidence is objective and derived from a diagnostic attack on nn extremely 
select group. 

O'ihn^u^nts 

IS 



FIGURE 3 


Readiko Aces and Chronological Acbs of 83 Delinquents with 90-110 I Q 

PERrORMANCB 

Figure 3 presents the relationship between chronological and reading ages 
for those delinquent boys with an IQ range from 90 to 110. These ratings 
were compiled from the Otis and Binct tests which, strictly speaking, in¬ 
volve 0 classification on basis that is not exactly reliable because of the in- 
duence of the verbal factor In spite of this influence, however, a mean^ 
difference of five yeais exists between the chronological and rending status 

’The raenn chronological age is Z7 yeara and 11 months while the mean 
reading age is 12 years and 11 months 
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of this population This finding tends to confirm the hypothesis that some¬ 
thing else besides mtelllgcnce was working to effect the retarded condition, 
A few Pearaonion cocfficienta were computed with regard to the relation¬ 
ship between mental and reading abilities. They are contained in Table 1. 


TABLE 1 


Cases 

Tests 

Correlation 

All boys with Binet records 
(N=87) 

Bioet and Gates Type C 
Reading 

0 S(;±,os 

All boys vrith Otis records 
(N=^124) 

Otis and Gates Type C 
Reading 

0 62±,0+ 

Twenty-six boys with Otis 
and Dinet records 

Binet and Gates Type C 
Reading 

0 SS-I-.U 

Twenty-six boys with Otis 
and Binct records 

Otis and Gates Type C 
Reading 

0,59±,09 


Table 1 gives indication of a higher degree of relationship between the 
Otis mental ability and the Gates Reading tests than that effected through 
a Binet-Gates correlation. This evidence confirms a priori expectations 
positing the reading factor as being integrated more highly with the Otis in¬ 
strument than with the Dinet scale. 

These findings demonstrate that our delinquent population was quite 
markedly retarded in reading ability Although these data do not define 
the quantitative infiiicncc of reading maladjustment upon delinquency, 
there is ample evidence of marked association between these attributes. Mr, 
G. H Chatfield,^ who has already been quoted regarding his belief on the 
relationship between reading and delinquenQ^, believes that "it must be 
made possible for a child to succeed in school work so that he will want to 
go to school instead of running away from it" He reports a very definite 
trail from truancy to delinquency. 

Evidence from recent investigations* demonstrates that, with favorable 
conditions for reading instruction, there is httls justification for the existence 
of much of the present reading inefficiency While our present findings point 
to a strong relationship between school maladjustment and delinquency, the 
crucial test for this association lies in the elimination of these school failures 
and then studying the effects in terms of delinquency This attack is obvi¬ 
ously a long-time project but should merit attention 

The import of this problem can be inferred from a statement recently made 
by Dr. E T, Glueck'" of the Institute of Criminal Law at Harvard Universi¬ 
ty. Glueck alleges that "at least 200,000 children of America today will soon 

^Nevf York Times, March 17, 1935 

•Unpublished data of Prof A, 1. Gates on remedial reading training in 
New York City schools 

^Nevf York Times, March 17, 1935. 
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be joining the criminal ranks ” She reports an intensive study of 1000 juven¬ 
ile offenders as indicating that the average age at onset of delinquent be¬ 
havior IS 9 years and 7 months so thah obviously, the indicia of delinquency 
must have been evident during school years. Eighty-five per cent of the 
offenders in her study gave evidence of anti-social behavior in school Dr 
Glucck concludes that her findings place at the door of the school the re¬ 
sponsibility for the early recognition of delinquency and, at least, participation 
in a treatment program 
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THE ABC TESTS; A METHOD OF VERIFYING THE MATURITY 
NECESSARY TO LEARN HOW TO READ AND WRITE 

M BERQSTRdM LOtIRBNSO, FILHO 

The application of the ABC Tests to more than forty thousand illiterate 
children in Brazil shows promising results bearing on the problem of 
homogeneous grouping according to the abili^ to learn how to read and 
write Since the high correlation vrith the final outcome of the school 
year proved the efficacy of the ADC Testa as a means of classification, we 
thought It might be of interest to give a short description of how the tests 
were selected and standardized, and how they led to a greater efficiency in 
teaching and learning 

PSYCHOl OOICAL PRINCIPLES INVOLVED IN THE CHOICE OF THE ABC TESTS 

The low correlation between the IQ and the ability to learn how to read 
and write led to the practice of regrouping beginning school children after 
several weeks of schooling This long delay caused the slow child to form 
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wrong emotional nttluides towards the school, on ncount of the unavoid¬ 
able criticism of abler companions Furthermore, experience proved this 
procedure to be inaccurate and wasteful Such difficulties induced us to 
seek a method of diagnosing the ability to learn how to read and write 
at the beginning of the school year 

We based our study on the following well-known psychological prin¬ 
ciples In reading, the visual stimulus of the printed or written word 
incites verbal reactions instrumental in the recall of meanings Openly 
expressed articulation and Its leduced form involved in thought are the 
result of subtle and complex motor coordinations Besides these reactions 
of speech, reading also Includes delicate muscular adjustments of vision 
Among these are certain eye-movements necessary in the discrimination of 
form. Writing involves reading and adds to the reactions necessary to 
the latter obvious muscular coordinations of the aim, hand, etc 

Since rending and writing involve numerous and delicate muscular 
reactions, an adequate physiological maturity is the indispensable basis 
for the acquisition of these skills, The degree of maturity may be verified 
for our purposes by measuring the ability of the child in performing simple 
tasks, such os the copying of two dimensional figures. In choosing the tests 
we took into consideration that the active processes of leading or writing 
constitute a functional whole They are interrelated to such a degree 
that it IS impossible to test them separately or analytically Hence the 
necessity for a synthetic method 

A synthetic test may consist in giving the child an oppoitunity to 
attempt the performance of the skill itself Thus, in writing it would 
imply the copying of words or letters But since experience proved this 
to be an inaccurate means of classification, we weie led to choose tests 
presenting analogous situations, which would bring out clearly the 
critical aspects of the problem 

The originality of the ABC Tests lies not in their form but in their 
choice and combination and the puipose for which they are used Among 
tests of wide application and well-established technique the author chose 
such as had a direct bearing on the diagnosis of the maturity necessary to 
learn how lo read and write Thus he took from Binet-Simon the copy of 
the square and diamond, and from Toulouse Pi^ron the memorization of 
commonly used words, 

From an initial list of twenty tests only eight considered as absolutely 
essential were retained. In this choice preference was given to those involv¬ 
ing a simpler technique and requiring leas expensive material The low 
correlation of the remaining eight with one another proves that each test has 
a specific function* 

Due to the fact that the testa were used in a new combination and for 


*The coefficients of correlation are shown in (1, Table 1, p 69) 
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fl ne^ purpuse, slight adaptations 'were necessary. A few changes were 
introduced into the original teohnique In some the wording and the 
directions were put into a dearer form, and the method of Bcoring was 
made uniform. Each test was classified ns poor, inferior, medium, and 
superior, the scores 0, 1, 2, and 3 being given respectively This arrange¬ 
ment fixed the extent of variation between 0-24 grade points 

Short Description of the Tests 

Test 1 Paper and pencil is given to the child who is asked to copy 
three two-dimensional figures a square, a diamond and an irregular out¬ 
line.’’ This test shows the degree of visual motor coordination, 

Test 2, A chart with the pictures of seven fnimliar objects is shown for 
30 seconds. When the time is up the figures are hidden and the child 
is asked to name the things he has seen This test measures the viauni 
memory span and is helpful in the study of the child's vocabulary. 

Tesi 3 With his finger the examiner draws in the air three two-dirncn- 
Bional figures The child is asked to reproduce the movements as ho has 
seen them and then to draw them on paper. The direction of the move- 
nicnt la the important aspect of this test. It shows whether the child is 
^ able to resist inversion in the copy of figures 

Test 4- The examiner enumerates seven familiar words and asks the 
child to repent them This test measures the auditory memory span, and 
the accuracy of pronunciation 

Test 5. The child is told a simple story about the breaking of a doll and 
IS asked to reproduce it This test, measuring the accuracy m the remem¬ 
brance of the main actions and details, helps in the study of the child’s 
general understanding, besides furnishing valuable facts about the use of 
words 

Test 6. The child is asked to leproduce one bv one ten unusual words 
of several syllables, such as Constantinople This test measures the ca¬ 
pacity of enunciation 

Test 7 A pair of scissors is given to the child, who Is asked to cut out, 
ns rapidly as possible, first an angular and then a sinuous line.® This test 
measures the accuracy of visual mofor coordination and the degree of 
directed attention 

Test 8 The child is given a paper ruled in squares and is asked to make 
n dot in cacli square ns quickly ns possible, 30 seconds being given for the 
performance of this task This test measures the ability of the child to 
resist fatigue and is a further index of directed attention 
The Standardization of the ABC Tests 

The result of the first extensive application m S. Paulo* is significant, as 
can be seen from the following figures 

“The figures of Test 1 are shown in (1, p 126) 

®Tlie figures are shown in (I, p 133) 

‘The frequency curve of the first extensive application (I, p 74). 
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In the normal curve the mean, median, and mode coincide 
obtained they approximate each other closely* 

Mean 

* Median 
Mode 

The measures of variability are satisfactory 

Menn deviation 
Standard deviation 


In the curve 


13.98 
14 44 
14 OO 


2 10 
2 66 


The following figures show how the mean and standard deviations of the 
curve obtained compare with the normal curve 

MD SD. 

Normal curve 57 50^ of cases 68.26% of cases 

Curve of first application 64.00% of cases 73 50% of cases 

The semi-intcrquaieilc range and the probable error which coincide on 
the normal curve approximate each other closely on the curve obtained. 

Q. 1 82 

P.E. 1 79 

The PE of the mean was only 0 06 and the skewness 0,51. 

The above result of the first application showed that the ABC Tests arc 
a reliable method of measurement. Subsequent applications have con¬ 
firmed this conclusion, The second time the tests were used m S, Paulo 
15,605 children were examined. The third time they were given at 2410 
of the Federal District 

The results of the first and second applications are listed below for 
comparison." 



Number 
of cases 

Mean 

Median 

Mode 

First application 

810 

13 98 

1444 

14 00 

Second application 

15,605 

13.97 

13.89 

14 00 


A.D 

SD. 

Q.D 

PE 

First application 

2.10 

2 66 

1 82 

1.79 

Second application 

2 08 

2 63 

1 82 

1.80 


Some of the results of the first, second, and third applications are listed 
below! 

Number 




of cases 

Mean 

Median 

S.D. 

Q. 

First 

application 

810 

13.98 

14 44 

2 66 

1 82 

Second 

1 application 

15,605 

13,97 

13 89 

2.63 

1 82 

Third 

application 

2410 

13.22 

13 59 

2 41 

1.77 


"Frequency curve of first application p 74, second application p 79 (1^ 
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Low CORRBLATIOK WtTH THB CHRONOLOOrcAt. ACE 

The following reanita were obtained from separate application to each 
chronological age. The averages for each age from 7 to 13 are listed m 
Table 3 on page 81 (1). The close approximation of these averages 
shows that the ABC Tests do not possess a significant relation to chronologi¬ 
es] age The same fact is demonstrated by the frequency polygons on 
page 83 and by the coefficient of correlation which is only 0,22±0 08. 

Following Clapar^de’s criterion we reached the following conclusion 
Since the differences between the medians of the successive ages is less 
than the quartile deviation, the ABC Tests show no significant relation 
with chronological age 

Ages 7-8 8-9 9-10 lO-U 

Difiercnccs between the medians 1.06 0 30 1 64- 0 42 

All these differences are inferior to the quartile deviation which equals 
1.77. 

Low Correlation with Mental Age 

ABC and Binet-Simon 
ABC and Fintncr-Cunningham 
ABC and Goodenough 

As can be seen from the figures the correlation with 
low to be of significance. 

Positive Correlation with the Rbsulto oj the School Yeah 
The accuracy of the tests m classifying children according to their ability 
to learn how to read and write was evident during the school year and at 
the end the results were the following for example, at the Barra Funda 
School in S Paulo tests measuring the speed and accuracy of oral and 
silent reading, and the speed and perfection of writing showed with the 
ABC Testa a correlation of 0 75±0 26 Another typical example is that of 
Bello Horizonte, Minas Gerais Tests measuring skill in reading and 
m writing reached the significant correlation of 0>61±0 04 Samples of 
writing at the end of the school year are reproduced on pages 124 and 125 
The superiority of the first group of children over the second is evident 

PJJACTICAJ Results op ths ABC Iests 
A n important practical result of the ABC Testa is the increase in promo¬ 
tions at the end of the school year. In 1931, when the teats were applied 
to 15,605 children in S. Pnulo the gain was 18 per cent of the total and 
approximately 30 per cent over the results of the three preceding years A 
detailed account is given in Table 7 on page 104 (l). The general averages 
were the following 

1928 1929 1930 1931 

62.02 63.16 64 60 81 97 


0.17±0OP 
0,3S±0.137 
015±0 053 
mental age is too 
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Tlie pjomotlons increased in all schools in which the ABC Testa were 
used In only nine out at 54 schools the gain was less than S per cent It 
is interesting to compare the figures listed below 

Number of Increase in 

schools promotions 

12 More than 25% 

g More than 20% 

12 More than 15% 

7 More than 7% 

£ More than 5% 

9 Less than 5% 

Special corrective work can be used to great advantage. In the practice 
school of S, Paulo the following eTpenment was made To one of two 
groups classii/ied as inferior by the ABC Tests regular school work was 
given The second group received coirective training in the form of oral 
games, cloy-modeling, drawing, etc. The class helped with special diffi¬ 
culties at the end of two months of schooling reached and surpassed the 
other which had been working for six months. At the end of the school 
year the difference was even more striking. Another advantage of homo' 
gcncQiis grouping is that fast learners may be promoted to the second grade 
after the first semester, thus'cutting the expense in half The great increase 
in promotions also represents a financial gam 
In conclusion it might be said that the ABC Teste ollow the school work 
to be adapted to the capacity of the child. The alow need not hurry ui 
trying to keep up with fast learners, and superior children keep interested 
in their work and do not disturb the discipline of the class. This of course 
means an easier task for the teacher, and more efficient learning on the pait 
of the pupils, 


Results op Recewt Application in thb Fedebal Districts, Rio de Janeiro 

In March 1934, the beginning of the Braxilian school year, nil first 
grades of the Federal District were organized according to the ABC Tests, 
The number of children examined equaled 22,115. 

The statistical results are in accordance with previous applications. Thus, 
for instance, the correlation with the chronological nge did not surpass 
0 33±0.00+. 

Tests in reading and writing given at the end of the school year in 
November showed a high correlation with the diagnosis of the ABC Tests, 
and the promotions increased in average 15 per cent The results will 
soon be published by the Department of Education, Rio de J.ineifo. 


Reference 

1, Louren^o, FilKO, M B Tests ABC para venfica^ao da matiiridade 
necessatia 4 apiendsiagem da leitura e esenpta Rio de Janeiro, 
Comp.inhia Milhoramentos de Sao Paulo, 1933 
Inslitulo de Educa^do 
Rjo de Janeiro, Brazi! 
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A COMBINATION OF PEG BOARDS 
Marie L H Forbes 

The purpose of the note is to describe a combination of fixed pegs and 
perforated cards. 

The device consists chiefly of fixed pega with perforated cards or rings 
for combination with them It may include insct>boards and coin-cards. 
The drawing (Figure X) in perspective shows detachable circular boards 



with pegs fixed to represent ao equilateral triangle, a square, and a 
pentagon, the pegs being three-sixteenths of an inch in diameter, and cards 
with punches one-quarter of an inch m diameter to be combined with them. 
The mechanical drawing (Figure i) shows boards designed with boles 
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in a nine-hole square admitting of arrangements shown in Table 1 or in 
symmetrical geometric patterns as shown in the drawing in perspective 
The writer gratefully acknowledges the examination of the device by 
her former instructor Dr. Walter F Dearborn, Director of the Psycho. 
Educational Clinic of Harvard University, 

TABLE 1 


Perforations in Cards for a Nine-Mole Board 



a 

b 

c 





Board 

Group 

1 - - 

- 2 - 

- — 





1 2 3 

1 

— — 

— 






4 5 6 



— 

— 





7 8 9 


a 

b 

c 

d 

e 

f 

g 

h 

Group 

1 2 - 

1 - 3 

1 - - 

t - - 

I _ _ 

- 2 - 

- 2 - 

- 2 - 

2, 

_— 

— 

- 5 - 


— 

- 5 - 

- - 6 

— - 


_ _ ^ 

— 

— 

— 

- - 9 

— 

— 

- 8 - 


n 

b 

c 

d 

e 

f 

g 

h 

Group 

1 2 3 

1 2 - 

1 2 - 

1 2 - 

J 2 - 

1 2 - 

1 2 - 

1 - 3 

3 

_— 

4 - - 

- 5 - 

- ~ 6 

— 

— 

-- 

- 5 - 


— 

— 

— 

— 

7 - - 

- 8 - 

- - 9 

— 


i 

J 

k 

1 

m 

n 

0 

P 


1 - 3 

1 - 3 

I - - 

1 - - 

- 2 - 

~ 2 - 

- 2 - 

- 2 - 


__ 

—_ 

- S - 

- 5 - 

4 5 - 

4-6 

4 - - 

- 5 - 


7 - - 


- 8 - 

- - 9 

— 

— 

- - 9 

- 8 - 


a 

b 

c 

d 

e 

f 

g 

h 

Group 

1 2 3 

12 3 

12 3 

12 3 

1 2 - 

1 2 - 

1 2 - 

1 2 - 

4. 

4- _ 

- 5 - 

_ — — 

_ — _ 

4 5 - 

4 - 6 

4 - - 

- 5 6 


— ^ 

— 

7 - - 

- 8 - 

— 

— 

- - 9 



1 

j 

k 

1 

m 

n 

0 

P 


1 2 - 

1 2 - 

1 2 - 

1 2 - 

1 2 - 

1 2 - 

1 2 - 

1 2 - 


- S - 

- 5 - 

- S - 

- - 6 

- - 6 

- - 6 

— 



7 - - 

- 8 - 

- - 9 

7 - - 

- 8 - 

_ - 9 

7 8 - 

7-9 


q 

r 

9 

t 

n 

V 

w 



1 2 - 

1 - 3 

I - 3 

I - 3 

- 2 - 

- 2 - 

- 2 - 



— 

- S - 

- S - 

w — — 

4 5 6 

4 5 - 

4-6 



- 8 9 

7 - - 

_ 8 _ 

7-9 

— 

- - 9 

- 8 - 
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A COMBINATION OF HORN-BOOK AND TYPEWRITER 
Marie L H Foedes 

The purpose of the note is to describe a combination of a chart with let¬ 
ters and a one-row typewriter keyboard, 

The combination consists of a board or card attached in a vertical posi¬ 
tion to a typewriter behind a single row of keys (3), letters in the lower 
margin of the board serving as indices to the keys, which are blank The 
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board hai attached to it hooks oi loose-leaf note-book rings for additional 
cards An old model of type-wheel machine with keyboard, as shown on 
the chart, may be used without removal of keys, the chart being attached 
just behind the lowest tow of keys 

Altliough adaptable to a vnricLv of uses if items othci than letters ap¬ 
peal on the chait, the combination as desciibcd is intended for use in con¬ 
nection with tiaining in word recognition, in cases requiring large type, 



kJLMJL^ letafsonhrM 

T I T T I TTTTITTTTT 


FIOURli 1 

One of the advantages of typcwiiting foi non-rcatlcis mentioned bv Dear* 
born (1) 18 "the training of the eye to follow the concct sequence of let¬ 
ters” If a ccitn'in proceduie is adopted, this combination might, in the 
opinion of the wiitei, fuiiiish this type of tiaining 
A word printed in large type is to be covered by a card held in the 
(cnclier's hiiiul, then tiucoveivd Icltci by letter n't the child Buds the letter 
on the chart and pusses the key under it 
Tins procedure, alicady desciibcd in connection with nlphahet-insets (4), 
applies also to printing cubes (2). As a training device the printing cubes are 



FIGURE 2 
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superior to the typewriter, for the child using large type, in that they offer 
him nn opportunity to examine his woik aa he goes along But as n recording 
device the typewiiter is supeiior, since it registers the order of the child’s 
choices, a matter difficult to judge when one letter has been stamped over 
another 



FIGURE 3 


In tile absence of a typewriter, the wiilei suggests, for training purposes, 
a wooden model of a one-row keyboard of blank keys to be vised with a 
chart, a simplification of the wooden keyboaid shown m the photograph, 
in which blocks are attached to levers which are strung on a rod resting 
on blocks on a platform 

The writer gratefully acknowledges the examination of the devices by 
her fotmer matructor, Walter F Deaiborn, MDj Director of the Psyclvo- 
Bdiicationnl Clinic of Harvard University 

RrCERTNCES 

1 Dearhorn, W F, Teaching reading to non-readeis Elcrri School J., 

192?, 30, 26(5-270 

2 FoRnES, M. L II An arrangement of printing cubes with combined ink- 

pad and type-cell / Gmcl Ptychol, 1934, 44, 230-232 

3 - An arrangement of type foi a ten-key tvpcwntei, J Gencl. 

Psychol, 1935, 46, 230-231. 

4 -. An arrangement of nlphabct-msets J Genet Psychol, 1935, 

46, 232-233, 

5 Tupr, a \V. History of the horn-book New York Scribnei, 1896 

6 [Various] The New Intemational Encyclopedia New Yoik Dodd Mead, 

1923, 19, 216 

BYz Ash Street Place 
Cambridge, Massachusetts 



APPARATUS 


253 


THE TYPEWRITER KEY AS A DEVICE FOR REGISTERING CHOICE 
Marie L. H. Forces 

The purpose of the note la to describe a modification of the combination of 
horn-book and typewriter described in a previous note in which items other 
than letters serve as indices to blank keys. 

The drawing represents a card to be attached to a typewriter behind a 
row of numeral keys from which several have been removed, the card 
having in its lower margin forma, colors or other samples for matching. 
The forma shown are those selected by Gesell from Kuhlmann’a form cards 
fis described by Terman modified and adapted for ua with a typewriter 
keyboard 
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FIGURE 1 
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Arnold Gbsbll. An Atlas of Infant Behavior A systematic delineation 
of the forms and early growth of human behavior patterns Vol, 1 (m 
collaborolion with Helen Thompson, and Catherine Strunk Amatruda)' 
Normative Senes Vol 11 (m collaboration with Alice Virginia Keliher, 
Frances Lillian Ilg, and Jessie Jervis Carlson) Naturalistic Senes New 
Haven Yale Univ. Press, 1934 Pp I-S24, 525-922. 

This work presents two senes of atndies of the behavior of human infants 
through the first 56 weeks of post-natal life, a normative senes, presented 
in Volume I; and a naturalistic scries, in Volume 11 The volumes are 
12t2xl2 inches, and elegantly bound m a special steel spring binder This 
construction has the very important advantage of permitting the manipula¬ 
tion and assembling of the loose-leaf chromophotographs according to the 
particular interests and requirements of the student The publishers advise 
that owing to the fact that the photographs are reproduced by the use of 
the full-tone, gelatine engraving process, the edition is necessarily limited 
and reprinting impossible. 

About 45 pages of Volume I are given to a general introduction to the 
work as a whole Here the bistoncal development of the problem and 
method of study are briefly outlined, and the underlying concept of growth 
is explained as applying equally to mental and to physical phenomena as 
"end products of a morphogenetic process,” and resulting in a "patterned” 
individual both mentally and physically—this ontogenetic patterning be¬ 
ginning long before birth While "the wealth and complexity of infant 
behavior are beyond humon description” the systematic charting of it is 
made possible by use of cinematography, which gives a complete and 
impartial record of patterns or performances as wholes and as integration 
of components. Furthermore, the use of this method from day to day 
reveals not only the spatial integration of patterns but also the dynamic 
mtegratlon in time, after the manner of a "moving object taken for the 
purpose of exhibiting successive phases of motion,” 

The normative atlas is based wholly on photographic frames of the 16-mm 
cinema • the naturalistic volume on 35-mm cinema The photographic dome 
devised and used by the author for the normative studies permits simul¬ 
taneous photographs in the vertical and horizontal plane, while the observer 
on the outside can see the subject but cannot be seen from within, The 
methods and materials used in both the normative and naturalistic studies 
are described in detail) most of these have been described briefly by the 
authors in earlier works 

The photographs are enlarged from cinematographic frames, and as pre¬ 
sented in senes vertically qd the page they are paralleled by descriptions 

254 



BOOKS 


255 


which point out the more significant details of each picture and the transi* 
(ion in movement from one picture to the next^ the time-interval between 
successive pictures being given in each case. Where photographs are 
arranged in senes horizontally on the page, similar descriptions are con¬ 
veniently placed for guidance. 

In Volume I, 2S different behavior situations are delineated: under pos¬ 
ture and locomotion are supine and prone behavior, stair-climbing, sitting, 
and standing-walking; under perception and prehension are dangling ring 
and rattle; under perceptual, prehensory, and adaptive behavior are con¬ 
secutive cubes, massed cubes, tower-building, cup, spoon, cup-spoon, cup- 
cubes, pellet, pellet-bottle, bell, ring and string, ring-string-bell, paper, 
crayon, paper-crayon, performance box, form board, ball play, and mirror 

In these normative studies depicted in Volume I a high degree of 
laboratory uniformity and control is attained according to systematized 
experimental behavior. Tn the naturalistic studies of Volume II, the be¬ 
havior of the infant's day has been systematized in terms of his "domestic 
routine and comparable household conditions" Here are reported all 
phases of the infant's activity, including posture, locomotion and prehen¬ 
sion, and adaptive and social behavior. Also in these studies the records 
ere codified in terms of bostc behavior situations rather than in functional 
or psychologic categories such as curiosity, eagerness, insight, sociability, etc. 

The belief of the authors is well founded that "any one who is clinically 
or scientifically interested m (he genetic problems of infancy must be pre¬ 
pared to study records of behavior pattern* with the same minute interest 
in structural form which (he descriptions of embryology and anatomv 
demand ’’ Their insistence also that this "ontogenetic patterning of human 
behavior begins long before bir(h’’ is most timely 

For human neurology Doctor Gesell, through his work on infant behavior 
particularly as presented in the Atlas, has opened new possibilities; he has 
laid the foundation in the behavior of the child for anatomical studies of 
the brain in correlation herewith As the reviewer has urged elsewhere, it 
can scarcely be hoped that all particular acts of the individual can ever be 
explained in anatomical terms Not only is the onalomy too complicated 
for this in higher animals, but the particular acts are not actually individual 
entities They are, on the contrary, integral parts of larger patterns and, in 
(he norma) organism, inexplicable apart from the total pattern of action 
On the other hand It is reasonable to hope that the correlation of anatomical 
and behavioral studies in higher animals and man during the period of 
rapid individual development will reveal in the anatomy, as this period 
already has done for lower vertebrates, principles of growth and function 
which will throw new light on the problem of behavior This outlook is, 
of course, over a vast and intricate field the resources of which cannot be 
exhausted by one investigator or group of investigators It is indeed a task 
for generations to come Doctor Gesell and his associates deserve the 
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gratitude of neurologists for providing an exhaustive chronologica! pano' 
rama of behavior of the growing child with which structural studies of the 
nervous system of known ages can be compared. From this source and 
method information may be expected that cannot be acquired in any other 
way concerning behavior in its fundeinental relations. 

This is a monumental work superbly presented It is especially notable 
in accomplishment because it deals widi a field of inquiry that is rigorously 
restricted in the application of the experimental method and beset with 
those diiRcultics which are allied with the traditional ideas and affects 
inherent in the subject matter with which it deals. It is a splendid realizB< 
tion of an unusual vision of research in human behaviot. 

G. E, COOIIILL 

FfiUshistoii, Peiinsyhnnin 


Norman L Munn An IntrodutUon to Ammal Psyihoiogy, New York: 
Houghton Mifflin Co, 1933. Pp y+439. 

This book comprises an intensive study of all the literature denimg with 
the behavior of the white rat. The author justly refers to it as a companion 
book to Donaldson’s The Rat. The purpose of the book, however, is not to 
amass and systematize the ever increasing body of knowledge on the rat 
per jc, but to show in what way those studies elucidate the fundamental 
principles of behaviot. The writer has shown himself familiar with the 
details of the experiments he reports, and be brings into relief the points 
of Issue and agreement among the writers on porticular subjects He re* 
porta the experiments and the interpretations of the authors objectively, 
often In such manner that the student would gain a better understanding 
of the controversies from their treatment here than from the original polemics 
of the writers themselves Dr. Munn was not, however, averse to stating 
his own convictions with respect to the experiments and the theoretical im¬ 
plications of the works which he discusses. 

The material covers 670 different references on the white tat. One might 
feel that the title is misleading since the book deals exclusively with the 
literature on (he white rat, but the emphasis of the material is upon such 
topics as unlearned behavior, sensory processes, symbolic processes, the 
learning process, et cetera. Furthermore the bibliography contains a supple¬ 
mentary list of 313 references classlhed according to the topics discussed. 
Other animals than the white rat Were used as experimental subjects iti this 
additional list of references This Is a useful book not only to students of 
animal psychology but of general psychology as well, 

Myrtle B. McGraw 

Babies flosfital 
Nev) York Ctly 
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John J. B. Morgan Child Psychology New York. Farrar & Rinehart, 
193+ Pp vii+502 

The speed at which work in child psychology has gone forward in recent 
years is indicated by the fact that the publishers should have considered a 
revision of Morgan's book advisable after only three years from the time of 
(he first printing I« fact the author has covered some 78 references which 
were not mentioned in the first publication Forty-nine of these have 
appeared in the literature during the three-year interval between the first 
and revised editions 

While slightly more than a hundred changes occur in the revised edition, 
these arc, for the most part, minor changes of a sentence or paragraph here 
and there throughout the book. Tlie two major contributions of the revision 
appear in connection with a discussion of (a) the ability of children to general* 
izc and draw inferences as a part of the thinking process, and (fr) a dis¬ 
cussion of the social behavior of childhood. 

Although the author contends (hat the purpose of the revision has been 
to bring the book up to date, especially with reference to those experiments 
which have modified or confirmed former theories, he has failed to make 
these distinctions in the text itself where the revisions occur, 

It is my opinion that the original was much too broad in its scope. The 
purpose was at least twofold, viz to meet the needs in a college text-book 
and at the same time cater to the demands of an intelligent reading parent¬ 
hood whose chief concern is with the practicai management of children. It 
is obvious that the rigorous Criticism and evaluation of facts and principles 
which should be embodied in a good college text must be saciified for the 
benefit of the other group This dual purpose was undoubtedly a weakness 
of the first edition which the revision has sot improved upon 

Myrtlb B. McGraw 

habies Hospital 
Hevj York City 
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THE ROLE OF DOMINANCE IN THE SOCIAL AND 
SEXUAL BEHAVIOR OF INFRA-HUMAN 
PRIMATES: I. OBSERVATIONS AT 
VILAS PARK 

from the Departtnent of Psychology of the U/iiverstty of IVisconsln 


A H. MASt-ow 


I Gbnbral Introduction 

The purpose of this series of papers is to investigate the role of 
dominance in social behavior This principle of dominance is of 
fundamental importance in the study of all infra-liuman pnmatc 
social relationships and furnishes an obvious and easily investigated 
nexus between the behavior of the individual and that of tlic group. 

We shall attempt to emphasize the point that has so convincingly 
been made by Zuckerman (19), namely, that no adequate and valid 
primate sociology can be elaborated without constant reference to the 
principle of dominance, 

Finally, wc shall attempt to show that there are remarkably wide¬ 
spread correlations between various behavior categories that are 
seemingly discrete and unconnected. Sexual ]?ehavior, social be¬ 
havior, feeding behavior, and aggression behavior will be found to 
be correlated rather than independently variable types of beiiavior. 

While several approaches to the elucidation of this principle are 
clearly possible, the stimulus given by Zuckerman's excellent study 
on mfra-human primates has made these animals the most suitable 
ones for further investigation. In this work (19), is presented for 
the first time a clear indication of the importance of the dominance 
principle in primate sociologv. Here also we find a preliminary 
mapping of the relationships holding between dominance and social 
and sexual bchavioi in these animals.^ 


•Recommended by Gardner Murphy, accepted for publication by Carl 
Murchison of the Editorial Board, and received in the Editorial OfHce, 
December 5, 1935 

^1 wish to indic.'ite here my tbanlrs to Dr. H. F Harlow for his very 
generous help in the delerniinatjon of the form of this paper 
*See however (19) page 509, where Zuckerman reaches the conclusions 

26t 
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While Zuckerman was the first to attack the problem of dom¬ 
inance in a systematic fashion, a number of other studies may also 
be found to be useful m this connection These include the studies 
on the sexual life of infra-human piimates by Kempf (9), Hamilton 
(6), and Bingham (4) Schjelderup-Ebbe (15) 1ms also pub¬ 
lished some interesting observations on “pecking older” m hens, 
which may be interpreted as obseivations on dominance behavioi.^ 
Carpenter’s (5) field studv of the social relations of the bowler 
monkey is pniCicuIarly mteicsting These papers will be discussed 
more fully in later papers in this series 
Domii/niice Rclationsbtps m A^onkeys. Zuckerman (19, p. 224) 
has given us the best available description of the behavior of dominant 
and subordinate animals. He says. 

Every ape or monkey enjoys » position within .i sociiil group 
which is determined by the interrelation of its own dominant 
characteristics and those of its fellows The degree of its 
dominance (letcrmines how far its bodily appetites will be satis- 
lied. Dominance determines the number of females that a male 
may possess, and except on occasions when there is a super¬ 
fluity of food, It also determines the amount of food a monkey 
eats . Their dominance relationahips . arc conspicuous 
because they charocterize every field of behavior 

Dominance relationships, he goes on to say, prevail also among 
the members of a family, they extend to material objects (such as 
gloves, toys, and sticks); to punishment relationships, since monkeys 

that ''social behavior—the inter-relations of individuala within a group— 
is determined by the mechanisms of reproductive physiology” This nnd 
many similar statements indicate that Zuckerman has missed the full 
significance of dominance as a detcnnmec of social behavior, 

“Yerkes' 1925 statement (17, p. 155) is worth quoting m full. "Dominance 
and subordination are evident In every group of primates Apparently 
there IS no such thing as equality of status and opportunity Leadership, 

control, mastery are manifest. So in their relations with persons, the mon¬ 
keys and apes merely exhibit their natuial aptitudes and types of social 
bcliavior Ordinarily there is aggressive leadership in cage, colony or 
family group Domination may be by either sex, but dominance must be, 
nnd instead of a single leader associated with individuals of relative 
equality, there is likely to be serial subordination So that each individual 
secures in its social group the degree of opportunity for control and self- 
expression to which Its cliaracteristics and stage of development entitle it” 
See also Murchison's recent interesting papers on the mathematical analy¬ 
sis of a closed social system m chickens 
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usually hand down the punishment they receive; to desired privi¬ 
leges that aie lianded down by human bemgs (as petting, tickling, 
playing), to the determination of the frequency of sexual activity, to 
all the modes of behavior which have been called by Kempf (9) 
“prostitution behavioi**; dominance relationships determine the fight¬ 
ing behavior of monkeys and baboons. 

Thus Zuckerman describes the dominant animal as the one who 
gets the most females, gets the most food, acquires possession of any 
desiiable material objects, who punishes other animals, wlio comes 
forwaid to be petted or played with, and who calls out “prostitution 
behavior’* in other animals ' 

He desciibcs the behavior of the subordinate animni as being 
typically the converse of the behavior of the dominant. Thus the 
subordinate animals get little or none of a limited food supply, and, 
if they are males, they do not achieve the noimal sexual gratification 
available to the dominant male who "owns” his females, Common 
to all subordinate animals, says Zuckerman, aie the “piostitutlon 
responses” consisting of the assumption of the female sexual position 
in a situation that is not inherently of sexual import. 

These dcsciiptions combined with our own researches give us a 
basis foi clearly formulated though cautious definitions of our funda¬ 
mental terms We shall define the dominant animal as one whose 
hehavtoi patterns (sexual, feeding, aggtesstve, and social) arc car¬ 
ried out luithout defetence to the behavior patients of his associates. 
The suboidinale animal is one whose behavtoi patterns (sexual, 
feeding, aggressive, and social) are suggested, modified, limited, or 
inhibited by the behavtoi patterns of its moie dominant associates. 

It may be noted that our terminology of dominance-subordination 
differs from the common terminology of astcndencc-submission, used 
by Allport (2), Zuckeiman (19), Harlow (7), and others "We 
believe tile term "subordinate” to be supcnoi to “submissive” for 
tlie following reasons* 

1 The less dominant animal sometimes does not occupy his 
secondary position with any evidence of willingness or submission, but 
IS forced to assume this attitude bv the violence of his superiors. The 
dominance drive of the less dominant monkey is not lost but is 
merely submerged or overshadowed or expresses itself through other 
channels, and will continue to assert itself whenever the opportunity 
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arises. In otlier words, the drive ior dominance is continuous, and 
the mere fact that the more dominant animal attains permanent 
or temporary superiority does not imply submission by the less dom¬ 
inant animal. Such an implication would be as inaccurate as say¬ 
ing that a horse who liad lost a hard-fought race h«ad “submitted” 
to the winner, 

2. The terms ascendance-submission trace back at least as far as 
McDougaU’s theory of social instincts. McDougall in explaining this 
principle suggested that theie wcic two antithetical instincts and, as 
long as these terms are used, it is difficult to free oneself entirely 
from this prejudice. It seems to the writer to be more probable that 
dominance is a sniffle dttve that is present in all animals and tliat 
dominance and suboidination arc merely two degrees (or perhaps 
aspects) of a common impulse. The subordinate animal is merely 
one wliose dominance has been overshadowed by greater dominance, 
and it is important that the teimmology used imply this basic fact 

II Introduction 

The following observations on the role of dominance in the social 
and sexual behavior of monkeys were carried out at the Vdas Park 
Zoo at Madison, Wisconsin, The purpose of this study was to ob¬ 
tain a description of dominance and subordination behavior in infra¬ 
human primates of varying species and to obtain evidence as to the 
relations of food, sex, aggression, and dominance attitude. 

III. Animals, Housing, and Care 

Subjects The anitttaU used in this experiment were the scries of 
infra-human primates housed in the monkey building at the Vilas 
Park Zoo at Madison, Wisconsin In this colony, there were at anv 
one time approximately 25 animals, housed in 13 cages. Deaths, ac¬ 
quisitions, and transfers made this a constantly but slowly shifting 
population. The laiger proportion of the animals dealt with, how¬ 
ever, were residents throughout the period of observation. Alto¬ 
gether, observations were made on about 35 mfra-human primates of 
all kinds, ranging from Platyrrhine monkeys to chimpanzees * Our 
animals ranged in age from new-born babies to senile animals 

*We have not used the data for the pair of chimpanzees and the pair of 
cebua monkeys, since there arc clear lodicatlons that dominance-subordma- 
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Group I 


Group 2 
Gioup 3 
Gron^> +. 
Group 5, 
Group 6 

Group 7. 

Group 8 
Group 9 

Group 10 
Gtoup U. 


Group 12 

Group 13. 
Group 14-. 
Group IS 


TABLE I 

List or Gnourd STUoiro 

Sooty inangabey, female, adult 
Mona guenon, adult male. 

Moustached guenon, prepubesceiit male 
Four jflVB monkeys, nil male prepubcsccnts 
Two cehiis capticinus, both adult males 

Four java monkeys, three male, one female, all prepvibescent. 
Three pigtail monkeys, two male, one female, nil prcpubcsccnt 
Four macacos rhesus, three pubescent males, one prcpubcscent 
female 

Two cliimpnnsccs, male (three and one-half years old) ; female 
(three years old) 

Three macncus rhesua, one male, two females, all poat-pubescent 
Three rnandiills, one senile male, one prepubcacent malC) one 
prcpubcsccnt female 

Four pigtails, two males, two femoica, all prcpubcsccnt 

Mona guccion, adult male 

Pigtail monkey, female pubescent 

Coati tmindi, adult male 

Sooty inangabey, adult female. 

Celebes macaque, adult mole 

Two Hamadryos baboons, adult mole and femnU 

Isolated yellow baboon, adult male 

Isolated white-handed gibbon, adult male. 


Table I contains a list of the groups of animals used in this study. 
It should be kept in mind that these groups, in some instances, were 
not const,lilt. This was true, particularly, for the groups of java 
monkeys and pigtail monkeys. Practically all the other groups re- 
raained constant throughout the experiment. Much was learned from 
the isolated animals also. Their relations to the animals in neighbor¬ 
ing cages and also to humans were instructive enough to warrant 
their inclusion in the list of animals used. 

Holism^ and Gai e. The larger animals at Vilas Park were housed 
singly and the smaller ones in groups of from two to four in. iron- 
barred cages 84 inches high, 72 inches wide, and cither 72 or 144 
inches long, one of these two longer cages being occupied by the 
white-handed gibbon, and the other by the pair of chimpanzees. Each 
cage communicated through an alleyway at its top with an outdoor 
cage of approximately the same size. These outdoor cages were 
used when weather permitted 


tion in thcbe animals is not the same as it is in the Catnirhiiie monkeys 
See Carpenter (5), Maslow (11) 
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The animals weie cared for by the attendants at the park The 
cages were cleaned each morning at 8*30, and the animals were fed 
twice a day, at 9:00 a.m and at 2 00 pm., on the usual diet of 
fixed amounts of bread, carrot, apple, banana, and a few lettuce or 
cabbage leaves, The morning meal was very light. Water was 
available at all times 

IV Methods and Tests 

ObsetvafioHs The obseivations extended ovei a pciiod of a year 
and a quarter fioin February, 1932 thiough May, 1933, with a gap 
of one month duiitig the summci of 1932. Records weic taken when¬ 
ever relevant bcliavioi occiuicd and were written on tlic spot Only 
that behavior was lecoiJcd that was interesting from the point of 
view of correlations between dominance and social and sexual be- 
havioi. 

Obseivations wctc made between the hours of eleven and one, 
three days a week. The length of observation at a single cage varied 
from about five minutes, for very stable groups in which behavior 
varied little fiom day to day, to an hour or moic, for groups or 
pairs that exhibited atypical behavior. When the tests weie being 
made, the expetimenter travelled from cage to cage in older At 
othei times, he sat at a point where all th© cages could be watched 
at the same time and iccords made as relevant behavior occuiied m 
one c.age or another 

Teas of Domtnance An experienced observer needs no objective 
test to detcimine the meic fact of dominance within a monkey group. 
This may be done by simple inspection, since the dominant animal is 
easily detected bv his cocky, aggressive, and confident an. He struts 
whereas the subordinate animal slinks He staics fixedly and feio- 
ciously at tlie other animals; they avoid Ins gaze He comes to the 
front of the cage when favois aic being handed out, the suboidinate 
animals retire dfscieetiv to the lear of the cage. He is geneiallv the 
initiator of group action; the suboidinate animal is the follower 
Whenever dominance is faiilv marked, these characteristics make its 
diagnosis very easy 

Simple observation may be supplemented and extended by the use 
of a simple test, that of throwing small bits of food singly into any 
cage Since a dominant animal preempts all or most of a limited 
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food supply if hungry (in our experiments the observations weie car¬ 
ried out about three hours .after the morning meal and the monkeys 
weie almost always eager for food), this affoids a ready objective 
check on other obseivations 

If one animal in the gioup gets practic.illy all tlie bits of food 
thrown into the cage, his dominance is obvious If a substantial pci- 
centage of tlie food hits is sccuicd by moie than one animal, diagnosis 
is less certain, although usually the degice of dominance is closely 
iclated to the amount of food obtained by each animal Wlieie 
dominance is very weak, the suboidinatc animals become piogiessively 
more dating and the food dominance may be partially obscuied by 
other motivational factors 

Gradations of doinin.incc may also he measured by a variation of 
the above test Instead of diopping the food bits midway between 
two monkeys, the food tn.ay be placed closer to one than another 
"When dominance is slight, the suboidinatc animal will get progres¬ 
sively moic food as it is biought lelatively nearer to hiin and farther 
awav from liis more dominant partner. Xhis method, therefore, 
affords a quantitative method of measuring dominance In actual 
piactice, its usefulness avas limited by the fact that, in most cases, 
save whcie the diiicrcnce in dominance was slight, when the food was 
dropped into tlie cage, the subordinate amm.al fled precipitately to a 
far cornel of the cage and actually avoided the food even when the 
cxperlmcntei dropped it as close to him as possible Of coiiise, in¬ 
dividual diffeiences in hunger diive and appetite for the particular 
food used are uncontrolled variables in this test. Foitunately, how¬ 
ever, they are usually completely nullified by the piepotcnt dominance 
behavior 

The following technique was also found to be useful m certain 
ca'^es of dominance that was not very definite In those cases m 
which sevcial aniin.i!s came to the fiont of tlic cage for food (thus 
indicating that dominance was not complete in the dominant animal 
01 that theie weie Liige appetite diffcicnces), bits of food weie given 
to all the .animals at the front of the cage, even to those who were 
caicfully avoiding the dominant ovcilord In manj-^ cases this was 
enough to stimulate the lattei anim.'il to assert his dominance at once 
by driving awav all the othcis When he did not immcdiatelv do 
this, he was fuithcr teased by the experimenter's dangling the food 
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bits just beyond his reacli and then handing them directly to a sub¬ 
ordinate animal. With several lepctitions of this procedure, the 
dominant animal almost always became very angry, viciously attack¬ 
ing the subordinate animals and driving them away. The number 
of repetitions of this procedure necessary to call forth his angry 
attack could be considered an inverse measure of dominance. "We 
shall hereafter refer to this procedure as the “teasing” technique, 
Sachl Behavior of Cfiqed J?nmals It is possible to criticize ex¬ 
periments such ns the following on the gioiinds that the behavior 
of the caged animals differs fiom the “normal.'’ Although this is 
obviously true, such criticisms need not be taken too seriously, since, 
so far as wc know, the behavior of the caged animals differs in no 
fundamenltil way from that of animals in a “normal” or wild en¬ 
vironment. The behavior of the animals at the zoo or m the labora¬ 
tory IS not abnormal or perverted Wlint we have in the laboratory 
or at the zoo is, essentially, not so much the introduction of new 
factors ns the exclusion of many vnnable and uncontrollable factors 
that are operative in large arens or in the wild In any case, how¬ 
ever, we shall consider thntiour results hold only for our conditions 
until they are proven to be more widely applicable 

The laboratory situation is, moreover, an effective way of concen¬ 
trating temporally and spatially the behavior of the subordinate ani¬ 
mal. 

V. Results 

Limitations of space make it impossible to present all of the data 
.accumulated during the course of the observations Wc shall instead 
present them in faummatized form according to topic The data on 
sexual behavior seem mterestiog enough to warrant separate consid¬ 
eration in a later paper (12) and we shall include here only those 
observations that are strictly relevant to the thesis in hand. 

1, The Behavior Typical of Dominance and Suboidination The 
typically dominant animal gets all or most of the food bits thrown 
into his cage. The subordinate animal gets few or none. In com¬ 
plete dominance, the subordinate animal will flee to a far corner of 
the cage when food is thrown in. If dominance is less complete, the 
dominant animal will have to drive the other animals au'ay, and the 
amount of force necessary to do this will vary inversely with his 
dominance, 
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a. The sexual behavior of the dominant animal will almost al¬ 
ways be masculine (except under certain conditions which will be 
discussed latei), anil this jmtctilimly of behavioi is tndependenl of 
the sev (gender) of the dominant animal A dominant female will 
mount in the masculine fashion other animals in her cage, both male 
and female. The (typical) sexual behavior of the subordinate ani¬ 
mal is female sexual behavior, again regaidless of geudei. Subordi¬ 
nate males will assume the female sexual position as often as sub¬ 
ordinate females under similar ciicumst.mccs. The dominant ani¬ 
mal, on the othei hand, whether male or female, will raicly assume 
the female sexual position, except if the dominant animal be a fe¬ 
male in heat, 

b The dominant animal will Ii.ivc the run of the cage The 
behavior of the othei animals will be oilented with respect to him 
He will come and go as he pleases and they will get out of his w.ny 
as he approaches. The subordinate animals in tlic typical group will 
usually be bunched as far away from the dominant animal as thev 
can get. Various degrees of apprehension, fear, or actual terror will 
be displayed by these animals, varying with t)ie degree and the kind 
of dominance displayed by the dominant animal Any display of 
dominance by one of the relatively subordinate animals in the group 
against a still more subordinate animal is chaiactcn^ed by continual 
appiehensive looking at the dominant overlord of tlic cage. This 
display will cease if the latter approaches or stares severely at the 
less dominant animal Any attacks or fights that may occur are usu¬ 
ally initiated or caused by the dominant animal The responses of 
the suboidinate animal to aggressive display will vaiy with degree of 
suboidination He mav fight back, he may assume a passive attitude, 
he may flee, or, in extreme subordination, he may lapse into a catalep¬ 
tic rigidity, a waxy flexibility, oi become completely limp 

2. Dominance tn the Female The female may be dominant and, 
when she is, will behave exactly ns docs the dominant male No 
diftcrences have been obscivcd in male and female dominance be¬ 
havior 

(The sooty mangabey in Group 1 and the two females m Group 
8 were dominant m their groups In Groups 5, 6, 9, and 10, a fe¬ 
male was dominant over other animals in the cage, although they 
were at the same time dominated themselves by the overlord animal 
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of the group. The female sooty mangabey in Group 12 was begin¬ 
ning to assume dominance over her mate when the observations came 
to an end.) 

3 Dotninance nnd the Oestious Cycle. We have some (doubt¬ 
ful) evidence to indicate that a dominant female, when she is forced 
to assume the female position tlnough die heightening of the sexual 
duve, will lose her dominance.® In other words, the dominance syn¬ 
drome seems to change as a whole and not m pails. In die two 
cases obscived, the assumption of the suboidinate role in the sexual 
act was Accompanied by the assumption of the subordinate role in 
the food dominance test, and in aggicssion behavior This effect 
may possibly also be attributed to factois othei than sexual, e.g, 
general malaise 

(In Gioup 8, nftcr the early lemoval of a male overlord, female 
A was found to be completely dominant to both female B and the 
remaining male The male was also domiiiaicd by female B, The 
behavior of all three animals was typical and needs no further descrip¬ 
tion. Female A icmamed dominant until she enme into heat. At 
the next observation period she was found to he completely subordi¬ 
nate to the male who mounted hei continually, bullied and bit her, 
and allowed her to get no food. Her behavior attitudes were com¬ 
pletely transformed. She had changed from a bullying, cocky, ag¬ 
gressive, and swaggering animal to a slinking, timid coward who 
showed terror whenever the male stared at her. 

Female B now assumed the ovciloidship of the group, with the 
male second and the original oveilord last. The new overlord be¬ 
haved typically, until the time when she also came into heat. The 
phenomenon picviousiy observed, of loss of dominance upon assump¬ 
tion of the female role, was repeated The male became the ovei- 
lord of the group, with female A second, and the erstwhile overlord 
last. The status of the gioup remained thus until the observations 
had to be cut short.) 

These interesting happenings must be interpreted very cautiously 
and it IS not the wiiter’s intent to emphasize them 

4. Affe and Dominance. The behavior syndiomes characteristic of 

This may possibly be a sudden accession of dominance in the male, 
brought on by new and poicnt stimuh, rather than loss of dominance in the 
female as a direct result of hei physiological condition 
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dominance and subordination seem to be 1 cm exactly marked in young 
animals There is moie bluinng of the correlations between domi¬ 
nance and othei founs of behavioi, ordinarily very closely correlated 
with dominance. The subordinate animal will be seen to mount the 
dominant animal at times, the dominant animal will be seen to pre¬ 
sent more often 

(Tins was found to be true for both groups of pigtail monkeys m 
this study and for other young animals studied later ) 

5. The Incidence of Dominance. In all of the groups studied 
here, With the possible exception of one, and m all other gioups 
studied subsequently, there was found to he a lucraichy of dominance, 
and one animal was always found to be overlord of the gioup. The 
one possible exception is Gioup 3, a pan of cebus monkeys, who were 
so timid that the test could not be used. 

6. Domtnance and Play It was observed in several groups that 
the ordinary hieiarchy of dominance obtaining in these groups was 
tcmpoianly abrogated during periods of rathci intense play At such 
times subordinate animals mounted dominant ones and dominant ones 
presented to subordinate ones No fear or timidity was observed m 
any of the animals duiing sucli peiiods noi was there any attempt on 
the pait of the dominant animcals to assert then dominance until the 
play period had come to an end and the normal social relationships of 
the gioup were resumed This phenomenon was noted only in 
younger animals, and was never seen to occur in any of the older 
groups. In tiiese latter gioups, for that mattci, almost no play at 
all was ever obseivcd 

(In Group 10, one such abrogation of dominance was observed. 
At its height, It looked much like a group sexual orgy All the 
animals were seen to present frequently and indiscriminately to any 
animal that happened to he ncaiby Mounting always followed but 
it was merely nominal m the sense that it lasted for but a few 
seconds and was frequently followed by a reversal in role, the pie- 
senting animal now mounting This procedure was repeated by all 
the animals foi several minutes with much playful vocalization 

In Gioup 5, when the female was gone and onlv two males were 
left, the dominant animal was seen once to indulge in a similar kind 
of sexual play He h.id very raielv allowed mounting by the sub¬ 
ordinate animal but, in this instance, he began tbe game of presenting 
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to the subordinate animal and then not allowing him to mount, 
cither tuitimg away oi wrestling witli his partner as soon as mount¬ 
ing was attempted. The subordinate animal was finally allowed to 
mount once or twice after this procedure had gone on for some time. 
This type of behavior was also seen four times m Group 6.) 

7. The Assninpiio)i of Domtnance Role by a NeiO Member of the 
Gtoup. A new member of a group usually took his position within 
the group at once and, ordinaiily, this was done without any display 
of force. An animal that later turned out to be subordinate was sub- 
oidinate at the very first manent, after the excitement incident to 
transfer had died down. A dominant animal seemed to become domi¬ 
nant at once and this could be seen in the immediate assumption of 
what might be called the dominance strut. The other animals in 
suclr cases behaved as if they tacitly acknowledged the dominance of 
this new member In only one case was thcie any struggle when 
a new animal was introduced into Group 2. This new animal, wc 
now know, after long experience with him, has an extremely strong 
urge to dominance in spite of the fact that he is a small animal. He 
behaved in a dominant fashion when he entered the cage and re¬ 
mained so for a few minutes. But.the overlord of the group, after 
a short interval, got to work and gradually beat the newcomer into 
a lesser role. This process took weeks of continual wrestling and 
fighting This newcomer is to this day an extremely aggressive ani¬ 
mal and in tile several groups in which he has been since, has always 
had to be beaten into suborclirration, except in one case wheie lie won 
dominance. 

8. "ProstUntiQii' Behavior. This concept (that is too susceptible 
to misinterpretation by inexperienced observers) was first used by 
Kempf (9) to describe sexual behavior that occurs in inherently non- 
scxual situations, usually to obtain some “economic” advantages, c.g, 
food, protection, immunity from attack Such behavior usually con¬ 
sists in the assumption of the female sexual position by an animal that 
is being attacked, that wants to call forth an attack on a third ani¬ 
mal, or that is being prevented from obtaining food, etc. It will be 
seen from our previous discussion that such an animal would usually 
be a subordinate one 

Such behavior undoubtedly does occur and we have numerous in¬ 
stances of it m our animals Our interpretation of it would, natur- 
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ally, be veiy different from that of Kempt and would resemble rather 
Zuckerman’s interpretation We should consider the act of presenta¬ 
tion as a symbol of subordination (with some exceptions) and inter¬ 
pret It as a means wheieby a subordinate animal indicates to the 
dominant animal that no challenge to dominance is offered. In situa¬ 
tions where such behavior occurs, there is usually an implicit chal¬ 
lenge to the dominance of the overlord Such a situation usually 
calls forth assertion of dominance by the overlord and it is to ward 
off this threat that the suboidmate animal will picsent. Of course, 
in this way, the subordinate animal will usually get what he wants, 
but he does not get it by offeting sexual favors, as Kempf avers; he 
gets It lather by admitting social mfeiioilty. In a good many cases, 
mounting does not take place and yet the dominant animal seems to 
be satisfied. Presentation must then fiequcntly be interpreted as a 
social or subordination response, and not directly as a sexual response 
A few examples will be sufficient to indicate this point 
A pan of food is thrown to the cage floor, enough for all. In many 
cases, the dominant overloid will threaten all the other animals as 
he gathers the food into his mouth and cheek pouches with both 
hands and both feet. The other animals will approach hesitantly, 
half presenting all the inne, and in this way will reach the food and 
be allowed to partake. Any direct attack on the food by these sub¬ 
ordinate animals would be likely to call forth the resentment of the 
overlord. 

(In Group 8, after female A had lost her dominance, she gradually 
regained it. And it was during this period of resumption of domi¬ 
nance that she showed the following behavior As the experimenter 
came to the cage bars, she always approached at the same time that 
the male did. She would be allowed to cat food that was handed 
to her directly. After a few icpetitions of the teasing technique, he 
began to show dominance by staring at her or growling. She re¬ 
sponded, usually by presenting to him in a purely nominal fashion, 
i.e., she would accept food but at the same time her hindquarters 
would be turned in his direction In thb position, she could continue 
to accept food if he were also given some. Her acceptance of food 
seemed no longer to constitute a challenge to his dominance, and he 
did not attack her 

The female mandrill m Group 9, an animal with a strong domi- 
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nance drive, whenever she approached the old nvcilord, exhibited 
this same behavior of nominal presentation The typical subordinate 
animal avoids the dominant animal fairly consistently but the female 
mandrill achieved a much gieater ficedom of action by this simple 
device of admitting suboidination and thus warding off his domi¬ 
nance attacks. When she neglected this ceiemony, she was ficquently 
attacked or threatened The old mandrill was nevci seen to mount 
the yonng female but he seemed neveitheless to be placated by the 
presenting behavior ) 

9. Pomaneiice of Dominance Status. The dominance hiciarchy, 
once iletcimined, continues unchanged unleis other definite factors 
intervene. When the inficqucnt changes in dominance status do 
occur, it IS usually possible to assign the cause for this change, wliich 
IS often some change in the physiological status of the dominant ani¬ 
mal, such as tliat occasioned bv illness, accident, or change m ocstius 
cycle. 

We have alicady spoken of the changes in dominance occurring in 
Group 8 wlien this change seemed to be conelated with change in 
phase of the oestius cycle. 

Change was also observed In Gioup 12 Toward the end of the 
observations, the sooty mangabey developed the habit of hanging and 
whirling on the chain that hung from the middle of the cage loof 
Since tins had a heavy wooden block attached to its lower end, it 
frequently struck tlie dominant male, ■who usually sat on the floor 
After a good many futile attempts (she was a much fastei animal), 
he gave up his efltoits to catch and punish liei and, instead, letired to 
a corner or to the alleyway as soon as sbe slatted whirling the chain 
Still latci, his ictncmcnt began to be accompanied by squeals of fear, 
and It seemed obvious that the mangabey was now doing what she did 
with delibevatc intent to annoy. About one month after this behavior 
had first begun, she seemed to become less and less subordinate and 
he less and less, dominant. She bcg.in to get moie food and was at¬ 
tacked less often. Finally, on two days just before the end of ob- 
scrvattoiis, she was seen so to maneuver herself as to get into a semi- 
mouating position. Wlicnever he lay down or sat on the flooi, she 
seized the oppoitunitv to stand astride his body or to stand ovei him 
This behavior had never been seen before Soon aftei, observations 
ceased and we have no iccoid of subsequent developments 
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10 Sue and Dotinnaiice "While wc arc not yet in a position to 
hazard guesses as to tlic factors dcteimining dominance, we have some 
data on the influence of at least one of these factors, namely the size 
of the animals concerned 

It IS faiily ccitain that maikcd diffciciices in the si'/tc of a pair of 
animals will eventuate in the assumption of dominance by the larger 
animal. In eveiy case where an animal was consideiablv larger than 
his paitner or paitneis, he became the absolute overlord 

(Groups 1, 7, 9, 13, and also Group 8 at the beginning of obser¬ 
vations, when an old male was a member of tlie gioiip Also, this 
same plicnomcnon has been obscivcil in so many gtoups, since, that 
there is little doubt about the generality of this factor.) 

Wlicn, however, the difference in size is not great, dominance may 
be detcimined, at least partially, by otliei faciois It is possible, 
then, that a somewhat smaller animal becomes the dominant animal. 
Supcificiallv, it seems that such factois as confidence, cockiness, ag¬ 
gressiveness, greater strengtii of hunger and sex diives, and gicatei 
speed of leaction may overbalance a small difference m size We 
cannot, unfortunately, give any exact data on these diffejcnccs in size 
and It was imiiossiblc foi us to weigh tlic animals (In Groups 5, 
6, and 11, a smaller dominated a laigcr animal ) 

VI SuMMARv OP Conclusions 

1 We need feel no hesitation about concluding that dominance is 
an extremely important dctei miner of social and sexual behavior m 
the monkey To this extent, Our obseivations constitute a confiima- 
tion of those made by Zuckerman. Wc mav say with him that tlie 
animal’s status in the dominance hici.iichy detcimines to a very large 
extent tlie satisfaction of his bodily needs Or, to express it in an- 
othci way, wc mav say that thcic seems to be a high positive corre¬ 
lation between dominance and other types of behavior, especially 
feeding, sexual, and aggression behavior Wc think, howevei, that 
Zuckerman has at times grossly underestimated the importance of 
the role of dominance in social behavioi. 

2 Wc found that the bchavioi syndrome characteristic of the 
dominant animal is as follows, he preempts all or most of a limited 
food supply, he displays practically all the aggressive behavior seen 
in his group, he pUvs the masculine rule m sexual behavior, icgaul- 
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less of gendei (a dominant: animal whether male or female will 
mount the subordinate animal), he himself is rarely or never mount¬ 
ed; and generally he expresses his drives in behavior without defer¬ 
ence to those same drives in his subordinate partners 

3 The behavior syndrome chai.ictenstic of the subordinate animal 
IS as follows: he gets little or none of a limited food supply; he re¬ 
sponds to aggression by passivity, flight, and less often by figliting 
back; he rarely exhibits any aggressive behavior; he plays the female 
role in mounting behavior, whether male or female; and generally 
behaves with deference to the drives of his more dominant partner. 

4. Tile female may be dominant over other females or over males, 
and, when she is dominant, her behavior differs m no observable way 
from that of the dominant male unless she comes into heat. 

5 Some evidence is presented that seems to indicate that the as¬ 
sumption of the female role by a dominant female (due to coming 
into heat) leads to loss of dominance 

6. Dominance seems to be less marked in young than m older 
monkeys. 

7. A dominant animal was found in every group studied (with the 
possible exception of one) 

8. The dominance hierarchy may be temporarily abrogated duiing 
periods of intense play 

9. A new animal introduced into a group will assume his status 
in the dominance hieiarchy of the group in a very short time. 

10. The behavior called "prostitution” behavior by Kempf seeras 
to be better interpreted as behavior motivated by the dominance drive, 
and is thus best thought of as subordination behavior rather than 
sexual behavior 

11. While dominance status is usually fairly permanent, it was 
observed to change in a few cases for assignable causes. 

12. In a group or pair, the largest animal will almost certainly 
assume the role of dominant overlord, if he is much larger than the 
other animals. If, however, the difference in size is not very great, 
smaller animals may become dominant. 
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I. Introduction 

The purpose of this paper is twofold, namely, (1) to determine 
the behaviGi syndromes characteristic of dominant and suboidinate 
monke 5 's under experimental conditions, and (2) to determine if 
possible the fundamental mechanisms and conditions underlying these 
behavior categories by the systematic contiol of as many variables 
as possible 

The AnmaU; Their Housing amt Cate This experiment was 
carried out at tlic Primate Laboratory of the University of Wisconsin 
during the veai 1933-1934 with 20 monkeys as subjects Their 
names, classification, sex, weight, and approximate ages are found 
in Table 1. 

These animals were lioused in single living cages (30" x 30" x 
33"), lined along the opposite sides of a long loom The cages were 
of wood construction, except for the front wall, which was made of 
tliree-eighths-inch iron bars, centeied two inches apart. 

The animals weie fed once a day, immediately after the experi¬ 
mental period, on fixed amounts of bread, cairots, lettuce, milk, and 
cod liver oil. 

II Apparatus and Procedurb 

Controls, The 20 animals were used m 12 pairings, four subjects 


•Recommended by Gaidner Murphy, accepted for iniblication by Cnrl 
Murchison of the Editonnl Board, and received tn the Editorml Office, 
December 5, 1935 

H’he authors' thanks are due to Dr Harry P. Harlow, the director of the 
Laboratory, for his helpful cooperation thioughout the experiment, nnd to the 
Wisconsin Alumni Research Foundation which lontributed pait of the funds 
that made the Laboratory a possibility 
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TABLE 1 


Physical Data, Nambs, and Classifications oi Animals 


Fatnili.ir 

name 

ClassiiicAtion 

Sex 

Age 

Weigiit 

Pal 

Macaciis neinesirinus 

Male 

Pubescent 

12 lb 

3 oz. 

Psyche 

It 

tt 

44 


U “ 

a ■' 

Icky 

If 

“ 

41 

tt 

11 " 

8 " 

Percy 




tt 

11 " 

8 " 

Growler 

u 

ft 

Female 

tt 

10 " 

fi " 

Sappho 

it 

If 


Prcpubescent 

10 " 

0 " 

Nira 

» 

rhesus 

Male 

44 

+ » 

2 » 

Cwa 

tt 

41 

Female 

44 

S “ 

5 " 

Jack 

u 

II 

Male 

(Approx 1 yr,) 

2 " 

0 “ 

Jill 

tt 

44 

Male 

If 

1 “ 

14 " 

Glcnny 

tt 

morcLix 

44 

Pubescent 

6 •' 

14 " 

Spitter 

tt 

41 

41 

14 

6 " 

9 “ 

Java 

tt 

41 

44 

<1 

6 " 

a " 

Greeny 

Ccrcopitheeus 







sabaetia 

<4 

Prcpubcsccnt 

4 " 

7 " 

Tim 

« 

K 

<4 

<1 

5 " 

8 ■' 

Twit 

Cebus capucmiis 

44 

Pubescent 

5 " 

5 ■' 

Toughic 

Macacus rhesus 

44 

Prepubcscent 

3 " 

15 " 

Roiighie 

U 

41 

44 

If 

4 " 

3 " 

Min 

K 

<( 

Female 

II 

4 " 

6 ■' 

Bim 

tt 

ct 

44 

11 

4 ” 

7 “ 


being used in two pairings. In order to get at the conditions under¬ 
lying dominance, the controls were so designed ns to bring into 
especial focus tliosc factors that had as yet received little or no con¬ 
sideration in the literature. 

The animals in the paiiings were equated as well as was possible 
for weight (to avoid the influence of great diflcicncc in size), sex, 
age, and species With certain exceptions to be described later, they 
were studied in pairs to avoid the obscunng and complicating of tlic 
fundamental mechanisms of dominance by large groups of animals 
Certain behavior will emerge when niiimals arc paired that can not 
be detected in a laiger grouping (and vice versa). The experimental 
chamber was made large enough for the free behavior of two animals, 
but was so restricted in size that it concentrated spatially and tem¬ 
porally the behavior of the subordinate animal. Both hunger and 
appetite were controlled, hunger as has been described above, and 
appetite by using as an experimental food bits of apple, highly de¬ 
sirable, which the animals were fed at no other time (13) Only 
those animals were paired that had never before been together or had 
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been separated for at least two months before the experiment, and 
the animals were isolated in single living cages at all times except 
during the experimental periods. In this way wc were sure to ob- 
tain a complete record of all the social behavior occurring in a pair 
of animals from their very first meeting in this experiment. 

Scoring Sheets Scoring sheets were used to record, objectively, 
all significant behavior during the experimental period The follow¬ 
ing items of behavior were listed and scored. (1) feeding, (2) 
genital inspection, (3) presentation, (4) dorso-ventral mounting, 
(5) ventrO'Ventral copulatory behavior, (6) attempts to mount, (7) 
bullying, (8) cringing, (9) passivity under aggression, (10) avoid¬ 
ance-escape or flight, (11) initiation of fighting, (12) anger 
(attack), (13) initiation of play, (14) glooming, (15) self-groom¬ 
ing, (16) general activity (exploration-curiosity), and (17) quiet 
sitting. Exact behavior definitions of these terms are included below. 
The data on grooming were gathered both because of possible rela¬ 
tion to dominance and also because we considered this to be a good 
opportunity to attempt possible clarification of some of the questions 
raised by Dr Yerkes in his interesting paper (20) on this behavior. 

Each scoring sheet was divided into 20 parts, one for cacli minute 
of the experimental period. These sections were further subdivided 
Into 15-second periods by light lines A stop watch was started at 
the moment of the beginning of the experimental period and was 
kept running throughout, allowng continuous timing of all behavior. 
Duration of behavior was recorded by a continuous line which in¬ 
dicated when the behavior began and when it ended, with a margin 
of error of less than five seconds. A symbol above this line indicated 
which animal initiated the behavior Notes were also made on the 
few bits of behavioi not covered by our behavior rubrics, and also 
to call attention to particularly noteworthy or interesting behavior. 

The maximum number of experimental periods for any pair of 
animals was 30. The actual number of periods for each pair was 
determined by Its stability of behavior. When it seemed that no 
more could be learned from further experimentation, the experiment 
was concluded for that particular pairing. 

The pairs of animals were evenly divided between the senior and 
junior author, each being completely responsible for his own pairs, 
In order to insure complete reliability of recording, all terms were 
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carefully defined on an objective behavioral basis after mutual con¬ 
sultation and were then committed to memory, The first three experi¬ 
mental peiiods foi each pair of animals were recorded by both experi- 
mentors sitting at independent tables The resulting scoring sheets 
showed no significant differences, and indicated excellent reliability 
of scoring The senior author is responsible for the form of this 
paper and the conclusions piesented in it. 

DefiniUori of terms used in iccordiuff sheet. 

1 Food —mdicntcs the kind of food dropped into enge, when 
each piece wna dropped, and winch animal got It, 

2 Genital inspection refers to genital inspection of a sexual 
nature only Inspection may occur incidentally during groom¬ 
ing without having any sexual import Visual, oral, manual, 
and olfactory inspection arc included 

3 Presentation refers to assumption of the female sexual 
position. This may vary from a full sexual presenUtion, such 
as that displayed by a female in heat, to a barely perceptible 
and momentary twisting of the animal's hind quarters m the 
direction of the other animal. Between these two extremes 
occur all degrees of variation Some degree of experience with 
monkeys is absolutely necessary before this behavior can be 
readily recognized and interpreted Such behavior was re¬ 
corded by us only when it was obvious and unmistakable, 

4 D-F (Dorso-ventral mounting or “normal" copulation). 

This behavior varies so much that it is impossible to give an 
exact description of it The essential component for our re¬ 
cording, however, was the mere mounting of an animal by 
nnotlier, whether or not functionally adequate. Notes indi¬ 
cated whether or not pelvic strokes ensued, or whether penetra¬ 
tion took place (as nearly ns we could make out) or whether 
the part mounted was the head, side, or rear. If the mounted 
animal remained in the sitting position (as often happened) 
this was also recorded m the notes 

5. F’F (Vcntro-ventrnl copulation—face to face). 

6 Erection, Whenever observed in meaningful situations, 
otherwise not recorded. Not always possible to observe this, 
so record on sheets is merely indication that it did occur at 
these times, but it may also have occurred at other limesi These 
records will not be included in our charts and discussions for 
this reason 
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7 /litempts Attempts to mount for sexual behavior. Ex¬ 
perience necessary to recognize this m some cases, although 
most of the time it is rather obvious Beh.ivior of other animal 
lecoidcd in othei columns (as anger, fighting, pnssivity) Also 
foreshortened mounting, of any unmistakable beginning of 
mounting 

8 BuHying-Uasttiff Plucking at other animal's fur, pok¬ 
ing him roughly, biting, thicatelling with gr6wls, taking food 
away from him roughly, pouncing upon him from above niid 
mauling lum These called bullying only when other animal 
19 moie or leas passive, or attempts to run away or otherwise 
avoid his aggiessor If persecuted animal protects himself by 
fighting back, this is recorded under fighting behavior It may 
also turn into play behavior. 

9, Cringtiiff An indication of extreme 8iibmi8sivcnc8«i Very 
obvious and consists of curling up in ball with head hidden, 
sometimes accompanied by vocalivations mdicntive of extreme 
fear. 

10 Pfitsivc Covets all rton-fighting reaction to aggression, 
not specifically tniludcd in rubrics Often takes fonn of waxy 
flexibility. Usitally less extreme, more or less apathetic ac¬ 
ceptance of the aggression 

11 /IvoK^ance-flighl —may range from piecipitate flight to 
a constont but not marked avoidonce, eg, always being at 
opposite end of cage, being on shelf when other animal is on 
floor, and vice versa Lattei type not recorded. Thus, may 
lie a reaction to a sudden aggiession or else long-time submis¬ 
sion behavior reaction to fairly well-maiked dominance of 
other nnlmal 

12 hntinlioti of fiff/iliiig If attacks of aggressor are re¬ 
sisted, fighting behavior ensues Score indicates aggressor. 
In a fevv cases, difficult to distinguish from play or mock fight¬ 
ing See PJny for distinguishing characteristics. 

13 /Jiigci always refers to anger directed toward other am- 
mal, never experimenter or environmental objects May be re¬ 
action to attempted mounting by other animni, bullying, etc 
Vocnlizations, gestures, postures were indicators of anger 

14- Grooming Searching through fur of other animat or 
through his own fur. Letter indicates animal doing fur picking 
Other animal almost always passive and frequently shows 
waxy flexibility and drowsiness A passing interest in other 
animal's fur is often displayed This is not recorded unless it 
continues for at least five seconds Seif grooming, mutual 
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lictcro-grooming, and other variations were all observed and 
recorded 

15 Phy may Ue distinguished from lighting by presence of 
tumbling, fiequem mock piescntation, nipping instead of real 
biting, no damage ever done to other animal. No vicious 
growling or squeals of pain as in hgliting Very easily dis- 
tiacted by noise, food, etc Many times initiator can not be 
determined as they seem to begin simultaneously 

16 Exploitilian-iulivHy All preoccupation with physical 
surroundings Also mcic moving nhout, running, walking, 
nosing, and fingering of objects, Intended as rough measure 
of general activity 

17 Qioet sitting This includes resting and watching other 
animals' behavior while sitting Frequently, however, quiet 
sitting (in a siiboidmntc animal) is marked by a submissive 
attitude, eg, staling fixedly at floor, looking hesitantly nt otlicr 
aniinnl out of corner of eyes, o minimum of movements and 
these very careful and slow when they do occur No sudden, 
spontaneous movements or changes of position In other words, 
less mere resting than a generoHzcd, mild fear of the other 
animal The animal's head, in such cases, is usually bowed 
over 

Apparatus and Ptoceduie Two techniques were used in this 
experiment. The technique for the first portion of the experiment 
was as follows Each animal was housed in a cage that was directly 
opposite the cage of his experimental partnci. For the expciiment 
a lunwav (24" x 20" x 80"), that fitted snugly between the two 
cage doors was lowered from the ceiling and the two cage doors 
were opened Thus a continuous experimental observation cham¬ 
ber was formed bv the two cages and the runway 

After four pans had been run, this apparatus was changed to a 
separate expeumental chamber (height 60”, depth 40”, width 35") 
in an adjoining room. The two animals to be used weie led on a 
chain or ran of then own accoid from the living cage into the 
experimental cage (after 5-15 days* familiariiiation witli tlie pro¬ 
cedure) Before the animals were used, they underwent a period 
of training oi taming which minimized emotional reaction to the 
expel iment 

All obseiving with tins technique -was done from behind a one¬ 
way screen which permitted clear vision to the experimenter and 
rendered him invisible to the animals 
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A further change in the procedure was the more exact control 
of the factor of introduction of food into the dominance situation 
Twenty food bits (apple) of equal size weie automatically dropped 
into the chamber during eadi experimental period, beginning with 
the sixth. A long tin tube, inclined at an angle of 45 degrees, led 
from behind the one-way sciecn into the chamber After a warning 
signal (tliiee clicks), a single sphere of apple was rolled down 
the tube into the chamber 

The following is a list of the pairings in chronological order. 
The name of the dominant member of the pair comes first The 
asterisk indicates the animals tested by the first technique. 

Pal with Psyche* Spittgr with Glenny 


Icky 

(t 

Twit* 

Java 

u 

Spitter 

Growler 

(t 

Sappho* 

Nira 

(f 

Greeny 

Jill 

rr 

Jack* 

Cwa 


Tim 

l^ira 

II 

Cwa 

Min 

u 

Bim 

Psyche 

(f 

Percy 

Roughie 

ft 

Toughle 


III, Results 

The results for the 12 pairs of animals are presented in Tables 
2-13 This type of table, which we shall henceforth call the ratio 
chart, is a convenient way of presenting, in a readily assimilable 
form, such data as we obtained,® It is constructed by scoring a plus 
for the animal who makes the larger score for any particular kind of 
behavior during any single experimental period. A minus is scored 
when he makes a smaller score than his partner during a single 
period. When there are no scores for either animal, the space is 
left blank Such a table is easily interpreted and is particularly suited 
to our purposes because it will show at a glance just which kinds 
of behavior are consistent, how consistent they are, and will also 
show which kinds of behavior are positively or negatively correlated 
with dominance. These ratio charts are presented for the dominant 
animals only, since the same charts may be read for the subordinate 
animal by substituting a plus for the minus and vice versa. 

*Our gross data charts for each pair of animals are not included for 
reasons of economy of space, and because they are too expensive to publish 
They are, however, available for interested workers m a Ph D disserta¬ 
tion on file at the library of the University of Wisconsin 
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Ratio Chart for Kira and Cwa 
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Summary 0 / Refills. The data for all our pairs are presented 
m Table 14 in summariz-ed form. Only those types of behavior are 
included that seem to have some significance for our mam purpose. 
The data for genital inspection, erection, attempts to mount, anger, 
self-grooming, and quiet sitting were not included either because 
of obvious lack of correlation with dominance, or because of paucity 
of data, or, as in the case of quiet sitting, because we already had an 
inverse measure of the same behavior Ventro-ventral copulatory 
behavior was omitted because these data did not lend themselves to 
statistical treatment, hut seemed, instead, to need individual treat¬ 
ment. In spite of the fact that the data on presentation showed 
little correlation with dominance, they were included because of the 
importance they have assumed in the literature on the subject of 
monkey behavior [see Kempf (11) and Zuckerman (21)]. All 
other categories of behavior that were included in this table are 
considered to be correlated with dominance to a greater or lesser 
degree. 

The figures listed under food, grooming, and general activity 
represent not raw data, but the total number of plus signs scored 
in the ratio charts for each animal Using the raw data would have 
given us near-astronomical figures to contend with. All the other 
figures are totals of the raw data for the whole experiment, e.g, the 
number of times Pal mounted Psyche throughout all their 25 periods 
together, the number of times Nira bullied Cwa during all their 
30 periods together, etc. 

The pairings are listed at the top of the table with the name of 
the dominant animal above the name of the subordinate animal of 
the pair The same is true for the scores in each box. 

A summary of the lumped data for all the animals Is presented 
in Table 15. Each figure represents the total number of times the 
behavior occurred throughout the experiment for the dominant or 
the subordinate animal, as the case may be, except for the food-getting 
activity and grooming, where each figure represents the total number 
of plus signs obtained in the ratio chaits 

Certain of the pairs of monkeys, however, may be considered as 
atypical. In the case of the two inter-species pairs (Nira-Greeny 
and Cwa-Tim), the green monkeys were more agile and speedy than 



TABLE 14 
SpMMART or Data 
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TABLE IS 

Summary of Resolts of t2 Pairs 



Dominant animals 

Subordinate animals 

Food getting 

133 

35 

Presentation 

97 

87 

D-V mounting 

798 

187 

Bullying 

386 

2 

Cringing 

0 

93 

Passivity under aggression 

16 

529 

Flight 

9 

580 

Initiation of fighting 

366 

61 

Initiation of play 

54 

40 

Activity 

117 

96 

Grooming 

119 

89 


their dominant rhesus partners with the result that the obtained scores 
on food getting and activity differ from those obtained in mtra-species 
pairings ® 

In two pairs of animals dominance was not complete (Jill-Jack 
and Pal-Psyche) with the result that the behavior for the members 
of these pairs is atypical m many of the scored behavior traits,^ 

A more accurate picture of dominance and subordination can be 
obtained by omitting from the coriected summary the scores made by 
Nira*Grecny and Cwa-Tim (mter-species pairs) in food getting and 
activity, which weie particularly affected by difference in speed, and 
by omitting tlic scores made by JiU-Jack and Pal-Psyche in all the 
other behavior categories, Thus we shall have data for ten pairs. 
This corrected summary of results is given in Table 16, and we shall 
base our discussions of results upon it rather than on the uncorrected 
data. 

This summary, we believe, gives a more typical picture of domi¬ 
nance and subordination behavior than does the uncorrected summary, 
and henceforth we shall refci to it rather than to the previous summary 

*See (lisctissior in first paper (14). The two green monkeys are excel¬ 
lent illustrations of our contention that the drive to dominance is con¬ 
tinually active, even in subordinate animals, and will express itself in be¬ 
havior when external social inhibitions are such that they may be neglected 
with Impunity or else circumvented, 

*Nira and Cvia showed a change in dominance toward the end of the 
experiment with Cwa beginning to behave in a dominant fashion We shall 
not correct for this factor because it la impossible to select any one point 
at which dominance was reversed. 
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TABLE U 

Corrected Summary op Results or Ten Pairs 

Dominant animals Subordinate animals 


Foodigetting 

121 

(97%) 

4 

(i%) 

Presentation 

4+ 

(43%) 

59 

(57%) 

D-V mounting 

468 

(98%) 

10 

(2%) 

Bullying 

26S 

(99%) 

2 

(1%) 

Cringing 

0 

(07a) 

70 

(100%.) 

Passivity under aggression 

6 

(1%) 

506 

(99%) 

Flight 

3 

(1%) 

415 

(99%)) 

Initiation of fighting 

173 

(85%) 

30 

(JS%) 

Initiation of play 

SI 

(6$%) 

27 

(35%) 

Activity 

103 

(65%) 

55 

(35%) 

Grooming 

114 

(62%) 

70 

(38%) 


IV. Discussion 

The types of behavior which are most closely correlated with 
dominance or subordination and which should, therefore, be included 
in a description of their behavior syndromes, may now be listed. 

For dominance, these are. 

1 Tlie ability to preempt (ill or most of a limited food supply 
2. The assumption of the above or masculine position m copii- 
latory behavior, regardless of the sex of either animal 

3 The assumption of the bullying r61e 

4 The initiation of most of the fights that occur between the 
pair of animals. 

5. The initiation of (roughly) twice ns much play as is mi- 
tintccl by the subordinate animal 

6. A tendency to greater activity and freer exploration 

7. A tendency (perhaps) to groom rather than be groomed, 

The types of behavior most closely correlated with subordination 
arc. 

1 Cringing. 

2 Passivity under aggression and sexual attempts. 

3 Flight from aggression or danger of aggression, 

If we use these two lists of traits that arc correlated with dominance 
or subordination to construct the behavior syndromes of dominant 
and subordinate animals, wc get the following: 

The dominant animal: 

1 Preempts all or most of a limited food supply (97%). 
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2 Aasumes the above or rnasculine position in copiilatory be¬ 
havior (regardless of gender) (98%) 

3 Does practically all the bullying (99%) obaerved in a pair, 
and is rarely or never bullied by the subordinate animal. 

4 Initiates most of the fights (8S%) that occur m the cage and 
IS, of course, the victor in practically all of them 

5. Initiates (roughly) twice as much play (65%) as his sub¬ 
ordinate associate 

6 Shows a tendency to gieater activity (65%) and freer ex¬ 
ploration of his environment than his partner 

7. Shows (perhaps) a tendency to groom rather than to be 
groomed (62%). 

8. Is larely passive undei se^cual aggression (1%), never cringes 
and never flees from the subordinate animal 

The subordinate animal. 

1, Gcta little or none of n limited food supply, 

2, Always, or nearly always, nsaumes the below or feminine 
position In copulatory behavior (regardless of gender), but 
almost never playa the masculine rflle in such behavior. 

3, Is very rarely the aggressor, almost never bullies the domi¬ 
nant animal but is usually bulUcd. 

4 Initiates few of the flghta that occur in the cage 

5. Itesponda to bullying or sexual aggression by passivity, 
cringing, or flight 

6. Initiates less play than the dominant animal 

7. Shows tendency to be less active and less free in exploration. 

8. Shows (perhaps) a tendency to be groomed rather than to 
groom. 

For reasons already discussed, we may discard several types of 
behavior that have not proved to be valuable in the construction of 
the behavior syndromes of dominance and subordination. These are 
(1) genital inspection, (2) presentation, (3) ventro-ventral copu¬ 
latory behavior, (4) election, (5) attempts to mount, (6) anger, 
and (7) quiet sitting. We do not wish to imply that these may not 
have significance with relation to dominance Indeed we suspect 
that several of the behavior types are exceedingly interesting from 
just such a point of view. These data were, however, inadequate for 
proper evaluation. 

We wish to call especial attention to the data on presentation. This 
behavior has been given high importance by Kempf (11) and Zucker- 
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man (21)) the latter regarding it as an important way in which a 
subordinate animal adjusts himself to a system based on dominance 
A similar interpietation may be read into Kempf's paper He con* 
siders this behavior to be the chief manifestation of "prostitution.” 
The implication that it is a necessary or unique cliaracteristic of 
subordinate behavioi is obviously exaggerated Tlie dominant animal 
presents almost as often as the suboidinate animal and the subor¬ 
dinate animal often fails completely to show this behavior. 

It is quite true that in many cases of presentation the only motiva¬ 
tion in the presenting animal is a suboidinate attempt to adjust to a 
system of dominance But it is just as true that there are other 
situations in which this behavior occhrs that are not directly domi¬ 
nance situations. The most important of these is play; another is 
curiosity, another is the attempt to lure an enemy within striking 
distance. 

One form of behavior that we have not included in our table is 
ventro-vcntral copulatoiy behavior. This behavior may have a very 
interesting relationship to dominance and will be discussed more fully 
in the next paper in the scries (15). 

Our data on grooming are equivocal and conclusions may not be 
drawn before more data are gathered. The corrected summary shows 
that the dominant group groomed 53 per cent more than the sub¬ 
ordinate group (114 plus scores for ten dominant animals and 70 
for ten subordinate animals) Three of the ten subordinate animals, 
however, groomed more than their dominant partners, and m some 
cases the dominant animal did not groom at all. 

We are inclined to interpret our data as a resultant of two facts 
First, there are strong individual differences in grooming, some ani¬ 
mals being predominantly gi corners and others, groomccs; second, 
the dominant animal that is a groomer can force the subordinate 
animal to be groomed but the dominant animal that is a groomee 
cannot force his subordinate partner to be a groomer if the latter 
animal is not so inclined. 

The data arc particularly interesting in view of Yerkes’ recent 
paper on grooming behavior (19). He presents in this paper the 
interesting hypothesis that “grooming, as typified by chimpanzee, 
represents an important pattern of primate social response from which 
have evolved varied and highly significant kinds of social service” 
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(p 5). Oul data show grooming to be an important form of social 
bchavioi in the c.atarrlime nftonbey, but they do not permit us to call 
this behavior a kind of social service, if we mean by this phrase al¬ 
truistic, unselfish behavior in which the motivation is the securing of 
good or pleasure to another animal. Grooming in catarrhine monkeys 
may well be a progenitor of social service, an evolutionary fore-runner 
from which altruism may eventually develop, but in our animals this 
bchavioi both in the groomer and the groomee was what we must 
call "selfish.” 

No otliei construction can be put upon the behavior of the dominant 
animals who forced their partneis, willy-nilly, to submit to being 
groomed. Theie were also other dominant animals, who generally 
preferred being groomed to grooming, who persistently presented to 
the subordinate animals for grooming. Very frequently, when the 
suboidinate animal refused to groom and turned away, he was 
viciously attacked by the dominant monkey. It would seem then 
that altruism or social service (at least in grooming) cannot be said 
to begin until we get to the chimpanzee 

While it IS evtremely difficult to make definite statements about 
this aspect of grooming behavior without anthropomorphizing, the 
grooming behavior of our monkeys (while showing more mutuality 
of participation than any other type of behavior) exhibited less 
mutuality and more dominance-subordination than is ascribed to the 
chimpanzee by Yerkes A young pair of chimpanzees observed by us 
in our previous study (14) also showed far more cooperative and 
altruistic behavior than we have ever seen in any monkeys or baboons, 
and It IS probable that the differences that exist between chimpanzees 
and monkeys with respect to grooming aie a reflection of this general 
difference between apes and sub-anthtopoid pnmates 

The data that we have, of comse, permit no generalizations beyond 
the catanhine monkeys The general picture, howevci, of dominant- 
subordinate behavior within this group would appeal to be clearly 
defined since all of our work is m substantial agreement with that 
of Zuckerman on the baboon and with the histoiical data that he 
presents. 

Carpenter’s excellent monograph on the behavior of howler monkeys 
in the wild (6) clearly shows that these animals have a different kind 
of dominance-subordination relationships It seems fair to say that 
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dominance and suboidination are found in tlie social relationships of 
these animals, especially in juveniles, but that they exist in a much 
more tenuous and diffuse form than is found m tlic catarrhinc monkey. 

The differences are due, certainly, to some extent, to the differences 
in environmental conditions in the wild and In the laboratory Abun¬ 
dance of food makes competition unnecessary for the howler monkey 
Our data sliow that when competition for food is made necessary by 
a limited supply, the struggle for dominance is heightened and made 
more evident. In at least one of our pairs, dominance status was 
not clearly established until the factor of competition for food was 
introduced into the experimental situation Carpenter also says 
(p. 37), “Wcie conditions such as to bring about keen competition 
for food, social facilitation and inhibition of feeding would be more 
pionouiiccd than it is in the communal groups of howlers.” 

Generally instances of competition in howler monkeys arc rare 
From Carpenter's description, it would seem that dominance rela¬ 
tionships emerge from the piny of juvenile animals and arc most 
evident during such play He savs (p. 80» “Young howlers appar¬ 
ently compete with each other during playful activity Individuals 
which show nauch facility in the playing activity control the couise 
of action to a greater degree than others Viewed objectively, piny 
may function to establish among young animals a dominance scale, 
similar in kind but far less in degice than the dominance so thoroughly 
described by Zuckerman for the baboon ” 

It seems to be at least a possibility that the cebus monkey will also, 
upon closer study, be found to exhibit dominance-subordination be¬ 
havior of a non-catarrhine type. The fact that solitary females of 
this species have been found in the wild indicates this possibility (21). 

We are now in a position to bring up for discussion several other 
more gciieial questions with relation to dominance that should not 
be overlooked. 

I. When was dominance established'^ If we take as our criterion 
the first emergence of scalable dominance behavior, we find that in 
ten out of our twelve pairs, dominance was established before the 
fourth period In six pairs, it was established in the very first period, 
and 111 one otliei pair, during the second period Dominance seems, 
therefore, to be a relatively immediate status into which, most of the 
time, both aninaals fall at once. It would be fairly accurate to say 
that one animal seemed, in most cases, to assume at once tliat he was 



304- 


A H MASLOW AND SYDNEY FLANZBAUM 


dominant, and that the other animal seemed, just as naturally, to 
admit that he was subordinate. Attitudes, gestures, and other «oh. 
scoioble dominance behavior in some cases appeared before scorable 
behavior was obseived. A trcnch-worn sergeant, during the war, 
described a similar situation when he said, “You go over the top, 
pick your heinie, look him in the eye, and one of you is a dead man 
before you start ^ghting.” 

Some animals, of course, assumed subordinate status with but ill 
giacc. They seemed to be “naturally" dominant animals and had 
to be pushed into an infeiior idle by sheer force of arms. This 
happened in two of our pairs (Java-Spitter and Spitter-Glenny). 

2. What is the naiute of dommancef It is possible to envisage 
dominance as a drive or motive to behavior If it be a drive it 
would seem fuithermore to be one which is separable from the 
feeding drive or the sexual drive, although highly correlated with 
them We arc icminded here, very forcefully, of the analogous 
mechanisms that have been discussed for man. Adlei’s ego or 
superiority drive, MacDougall’s instinct of self-assertion (and also 
his instinct of self-abasement, corresponding to subordination). All- 
port’s ascendance and submission, etc. If dominance is a drive, it 
J9 very different from otheis in several important respects that would 
necessitate an overhauling of the general concept of “drive,” e.g., 
It IS continuous and not cyclic, it has two aspects, dominance and 
subordination, it is not known to be directly a function of simple 
glandular or physiological mechanism, it expresses itself through 
many indirect channeis such as food, sex, pugnacity, that are them¬ 
selves direct functions of simple drives. 

3. JVhat factors determine dominance^ Zuckerman suggests, 
tentatively, size, better canines, and better fighting ability He dis¬ 
cards size alone ns a determining factor because of the fact that smaller 
animals are often dominant over laiger animals. We also have found 
this to be true. The other two factors suggested by Zuckerman imply 
that dominance is always a result of fighting In our animals, this 
was not found to be the case, although it may be true for the Hama- 
dryas baboon. Any valid explanation would have to take account 
of the fact that in most cases dominance is established without any 
physical violence at all 

It is just as possible also to envisage dominance as an “attitude," 
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to the determination of which a dominance drive core (physiological 
in nature) would contribute, but which is also a delicate balance 
or lesiiltant of the effects of this putative drive, the immediate 
social situation, the previous experience of the animal, his physio¬ 
logical state of hunger, thnst, etc., the physiological state of the 
partner animal, etc. 

Our suggestion would be that dominance is determined by or 
actually is a composite of social attitudes, attitudes of aggressiveness, 
confidence or cockiness that are at times challenged, and which must 
then, of course, be backed up by physical prowess, A very apparent 
“sizing-up” process goes on during the fiist moments of meeting, and 
it IS during these moments and during this process that dominance 
seems to be establlslied. A later papci will discuss this question 
more fully. 

4. What role does the struggle for food pla^ in the detenniuathn 
of dominance^ In 10 of our 12 pairs and possibly in an eleventh, 
dominance was established before the struggle for food became a 
factor in the situation. This is not to say that the introduction of 
this factor is of no importance. In many of our pairs it seemed to 
be a sharpening factor, bringing the respective behavior syndromes 
to a sharp focus. Generally then we must consider our data to be 
a disproof of the hypothesis advanced by Harlow and Yudin (9) on 
the basis of their ingenious experiments on social facilitation of feed¬ 
ing. 

5. Is an animal that has been subordinate in one pairing necessarily 
subordinate in other paitings? Four of our animals were used in 
two pairings. Three of these animals, who had been subordinate in 
the first pairings, were dominant in the second. The other anvmnl 
was dominant in both pairings. 

6. How pennanent is domlnancej once established'^ In 11 of our 
12 pairs, dominance, once cstablislicd, remained const.mt throughout 
the experiment. In one pair, it seemed to be changing in the last 
periods This finding may be due to the comparatively short extent 
of the experimentation with any one pair Changes m dominance 
were observed somewhat more frequently at the Vilas Park Zoo 
(H), where observations of a group sometimes extended over a 
period of a year and a half 

7. Is the drive for dominance determined predominantly by innate 
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lather than by envtrotimenial factot The previous discussions would 
seem to indicate a preponderance of hereditary influence in the deter¬ 
mination of the dominance drive but we do not feel at all ceitam of 
this We feel that the data that we have gathered and those available 
m the literature arc inadequate with respect to this question. It is 
probable that the question cannot be attacked until our experiments 
can be repeated with animals that have been born m a laboratory. 

8 Is thete a "ffeneraV* dominance factor ot are there specific food 
doimvance, sex dominance, and aggtesston dominance diwes^ We 
must again plead inadequacy of data in attempting to discuss this 
question. Our data show in general that theie is high correlation 
between sex, feeding, and aggression behavior, but there aie several 
exceptions to this general finding, indicating that these behavior types 
are separable, practically as well as logically. The fact that we have 
not obtained perfect correlations between dominance behavior, feed¬ 
ing behavior, and sexual behavioi indicates that they are independent 
drives that are highly correlated with each other but are far from 
being identical 

9 Is dominance necessartly a masculine characteiistic^ We have 
already expressed ourselves on this point in our previous paper (14), 
but we wish to reemphasize the fact that a female animal may be 
dominant, and that when she is, her behavior will differ in no way 
from that of a dominant male Cwa, a female, was dominant over 
Tim, a male, and had begun to assume dominance over Nira, also 
a male, at the end of the experiment She behaved in the typical 
dominant fashion 

V. Summary and Conclusions 

Two experimental techniques were used with 12 pairs of monkeys 
in an effort to achieve a quantitative determination of the behavior 
syndromes characteiistic of dominance and subordination The factors 
of age, weight, sex, species, introduction of food, and previous ex¬ 
periences were controlled as well as was possible. Tlie animals weie 
scored for almost all known types of social and sexual behavior. 

Several of these types of behavior were found either to occur too 
infrequently or else to be unrelated to dominance and were, therefore, 
not included in the description of the behavior syndromes of domi¬ 
nance and subordination. These were (1) genital inspection, (2) 
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presentation, (3) erection, (4) attempts to mount, (5) anger, (6) 
quiet Sitting, and (7) ventro-ventral copulatory behavior The sixth 
was discarded because m “general activity” we had an inverse score of 
the same behavior. The seventh was discarded, iti spite of the fact 
that It seems to be very signi/icaiit behavior, because of tile paucity 
of data It IS a type of behavior that clearly calls for further 
investigation. 

Other types of behavioj tvere found to be closely related to domi¬ 
nance and subordination, and the following behavior syndromes seem 
to he chaiacteiistic of dominance and subordination. 

The dominant animal typically: 

1 Preempts nil or most of a limited food supply (97%). 

2 Frequently mounts the anboidinole animal, irreganllcss of 
tlie gender of either the mounting or mounted animal (93%). 

3 la rarely or never thus mounted by the subordinate animal 

( 2 %). 

+ Frequently bullies the subordinate animnl (99%), but 

5 la almost never thus bullied by the subordinate animal (1%>) 

6 Initiates most of the fighting that occurs m the pair (85%). 

7 Never cringes under aggression (0%) 

8 la rarely passive under aggression (1%), 

9. Almost never llees from the subordinate animal (1%). 

10. Is likely to be more active than his subordinate partner 
(65% of all scores). 

11. Is likely to do more grooming than his subordinate partner 
(?], (62% of nil scores) 

12. Is likely to initiate more play than bis subordinate partner 
(65% of all scores) 

The negative of each of these 12 behavior characteristic? gives the 
behavior syndiome for the subordinate animal, 

Dominance may be envij>agcil cither as a drive to behavior or ns 
a social "attitude” If the former, it would then be a unique 
kind of drive, differing m several fundamental icspccts from such 
dilves as hungei, thirst, etc. In the laboratory situation that wc 
have canvassed, dominance is very often established at the very first 
meeting of the pair. Dominance was observable in one member of 
every pair we studied, although it varied in degree 

The factors that seemed to determine dominance in our evenly 
matched animals seemed to be not so much size, physical strength, 
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etc, as an attitude of aggression or confidence. It was infrequently 
the outcome of a physical struggle. Neither does it seem to depend 
very frequently on struggle for food, for, m at least 10 of our 12 
pairs, dominance was established before food was introduced into the 
situation. 

Dominance status may change, although this was infrequent in 
our experimental set-up, being obseivcd in only one of our 12 pairs 

An animal subordinate to one animal may be dominant over an- 
otlier. 


References 

1 Aaronovich, G. D , & Khotim, B I. (The problem of imitation in 

monkeys) Navoye ^ RefiexoloffU i Fmoloyit Nervnoy Syslemt, 1929, 
3, 378-390 Quoted from Murphy, G, and Mxirphy, L B,, Expanmetial 
Social Psychology. New York: Harper, 1931 Pp. 709 

2 Adler, A The neurotic constitution. New York’ Moffat, Yard, 1917 

Pp. xxlii++S6 

3. Allport, F. H. Social psychology. Boston: Houghton Mifflin, 1924. 

Pp. xiy-i'4S3 

4. Alverdes, F Social life in the animat world London: Kegan, Paul, 

1927. Pp. 223. 

5. Bikgham, H C. Sex development in apes. Comp Psychol Monoff,, 

1928, 6, 1-45 

6 Carpenter, C R. A field study of the behavior and social relations of 

howling monkeys Com^ Psychol. Monog , 1934, 10, 1-168 

7 Pox, H, The birth of two anthropoid apes. 3 Mammal, 1929, 10, 

37-51 

8 Hamilton, G V. A study of sexual tendencies in monkeys and baboons, 

J Anm. Behav , 1914, 4, 295-318. 

9. Harlow, H F., (c Yudin, H C. Social behavior of primates I Social 

facilitation of feeding in monkeys and its relation to attitudes of 
ascendance and submission. 3 Comp. Psychol., 1933, 16, 171-13S, 

10. Kelloco, W N , & Kellogg, L A The npe and the child. New York. 

McGraw-Hill, 1933 Pp 341 

11. Kempf, E, J The social and sexual behavior of infra-humnn primates, 

with some comparable facts m human behavior Psychoanal, Rev., 
1917, 4, 127-154. 

12 KbHLBR, W. The mentality of apes New York: Harcourt, Brace, 1925 
Pp viii+342. 

13. Maslow, a H. Hunger and appetites in animal motivation. J, Comp. 

Psychol., 1935, 20, 75-83. 

14. - - ■ ■ ' The role of dominance in the social and sexual behavior of 

infra-humnn primates: I Observations at Vilas Park Zoo. J. Genet. 
Psychol, 1935, 48, 261-277. 



DOMINANCE IN BEHAVIOR OF INFRA-HUMAN PRIMATES' 11 309 


15. Tlie role of dominance in the wcial and sexual behavior of 

mfta-hutnsvn primates. Ill, A theory of sexual behavior of infra- 
human primates. 3 Genet Psychol,, 1936, 48, 310-338 
16 ■ I — - ' The social behavior of monkeys and apes Inl J Jndiv, 

Psychol ^ 1935,1, 4th quarter, 47-59 

17. SciijelderuP'Edde, T Social behavior of birds In A handbook of 

social psychohyyi ed by C Murchison Worcester, Mass, Clark 
Univ. Press, 1935 Pp 947-973 

18. TiNKLEpAuoH, 0. L Sei behavior m infra-human prim.atcs as a sub¬ 

stitute response following emotional d^urbance. Psychol Bull , 1932, 
29, 666. 

19 Yerkbs, R M Genetic aspects of grooming, n socially important pri¬ 

mate behavior pattern J Soc Psychol, 1933, 4, 3-25. 

20 Ykrkes, R. M, & Yerkes, A. W The great apes. New Haven: Yale 

Umv. Press, 1929. Pp xix‘f652. 

21. ZucKERMAN, S, The social behavioi of monkeys and apes. New York. 
PInreourt, Brace, 1932 Pp. %ii+3S6, 

TeachefS Colicffc, Cohirnhia Vniversity Unmisity of JV'isconsifi 
Neio York City, New York Madhon, fVisconsin 



the role of dominance in the social and 

SEXUAL BEHAVIOR OF INFRA-HUMAN PRIMATES. 
Ill, A THEORY OF SEXUAL BEHAVIOR OF INFRA¬ 
HUMAN PRIMATES* 1 

From the Dwisioji of Psychofoffyf Institute of Educational Research, 
Teachers' Colleye, Calumhia Um^versily 


A H Maslow 


The sexual behavior of monkeys seems to the casual observer to 
proceed on no fixed principles and to have no discernible order what¬ 
soever. Eveiy conceivable kind of sexual behavior may be observed, 
and even the biological sex diffciences seem at times to have no mean¬ 
ing, for males act like females and females like males Even this be¬ 
havior is not consistent, for the same monkey may act like a male with 
one animal and like a female with another, a few moments later. 
Aside from these considerations, their sexual behavior is astonishing 
for its frequency alone. It may be that this confusing profusion of 
sexual behavior, both in kind and amount, is responsible for the ab¬ 
solutely amazing neglect accorded to the problem of describing and 
explaining this aspect of the life of mfra-human piimates This 
neglect is the more remarkable in view of the fact that such study 
offers another important approach to the problems of human sexuality. 

It IS the puipose of this paper (I) to give a skeleton desciiption 
of the sexual behavior of these animals, (2) to offer evidence to show 
that this behavior is motivated by dominance diive® as well as by 

•Recommended by Gardner Murphy, accepted for publication by Carl 
Murchison of the Editorial Board, and received in the Editonnl OiHce, De¬ 
cember 5, 1935 

^The writer wlahcs to express his thaid^s to Dr Josephine Ball of the 
Carnegie Laboratory of Embryology for her criticisms and suggestions. 
Thanks are also due to Mr. Wtilard Hclburn of Cambridge, Mass, for his 
suggestions and analogies with simitar human behavior 

“The name "dominance drive*' is given to the motivation factor that is 
assumed to be at the bottom of the high intercorrelation between the various 
parts of the dominance behavior syndrome. This, however, is only a de¬ 
ductive, theoretical concept used for the sake of economy of words The 
writer la very anxious that this factor not be bypostatized or mannikinized 
It might be better to give it a neutral designation like “D" rather than run 
the risk of making the "drive” into a little person behind the scenes In any 
case let it be remembered that the writer has never seen, heard, or touched 
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sexual hormones and as a consequence to maintain that sexuality is 
as much social as physiological m these animals, and (3) to discuss 
some of the implications of this two-drivc tlicoiy of sexual behavior in 
our considciation of the social and sexual lives of monkeys, 

1. Historical 

While tliere have been several excellent researches in the field of 
infra-human primate sexual hchavior, these have been all too few. 
To counterbalance these, we have a piofusioii of anecdotal and 
theoretical papeis by gentlcmen-spoitsmen, nature lovers, and the like. 
Many theoiy-intoxicated anthropologists have been had offenders in 
this respect, but are now apparently being c.alled to order by their 
fellow workers [See also (21).] Too, the infiuence of convention 
has been so strong in some workers that it is not to be wondered at 
tliat this most delicate of nil subjects should have suffered from the 
blight of taboo, which has acted to prevent much work that would 
have otherwise been done, and has also )iad a tendency to distort some 
of the work that lias been done With these few remarks we shall 
turn to ft brief consideration of the excellent researches that are avail¬ 
able No attempt will be made, because of limitations of spacc» to 
discuss these thoroughly oi to discuss all pertinent papers 

G V. Hamilton (9), in 1914, broke ground with a very interest¬ 
ing scries of researches growing out of a desire to test the Freudian 
hypotheses on tlicse lower animals, particulaily with respect to homo¬ 
sexuality and other “abnormal” behavior The pioblems that he set 
himself were: (1) Are there types of mfra-human primate behavior 
whicli cannot be regarded as expressions of a tendency to seek sevual 
satisfaction but which have the essential objective characteristics of 
sexual activity? (2) Do such sexual reaction-types ns homoscxunl 
intercourse, cfEoits to copulate with non-priiuate annuals, and mas¬ 
turbation normally occur among any of the primates, and, if so, wliat 
IS their biological significance? 

His answer to the first question, as a result of his fairly wcll-con- 

a “domlaancc drive" He has seen and heard oiily certain behavior re¬ 
sponses to certain social stimiiti These occur with a high degree of prob¬ 
ability, and, further, are definitely correlated into a syndroine In anv single 
animal The writer does not wish bis hvpothescs to depend, for their ac¬ 
ceptance or rejection, on any one theory of the "drive” 
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trolled experiments, is that there aie “two and possibly three, differ¬ 
ent kinds of hunger that normally impel the macaque toward the 
manifestation of sexual behavior, viz, hunger for sexual satisfaction, 
hunger for escape from danger and possibly, hunger for access to an 
enemy." 

With respect to his second pioblem he finds that, 

tiomosexual behavior la normally an expression of tendencies 
which come to expression even when opportunities for hetero¬ 
sexual intercourse are present. . Masturbation does not 
seem to occur under normal conditions The macaque of both 
sexes IS apt to display sexual excitement in the presence of 
friendly or harmless non-primates It is possible that the homo¬ 
sexual behavior of young males is of the same biological signifi¬ 
cance as their mode combats It is clearly of value as a defen¬ 
sive measure in both sexes. Homosexual alliances between ma¬ 
ture and immature males may possess a defensive value for 
immature males, since it insures the assistance of an adult de¬ 
fender in the event of an attack. 

Kempf (13), also influenced by psychoanalysis, studied carefully 
the social and sexual life of six rhesus macaques in order to obtain 
more insight into the phylogenetic determinants of man's social and 
sexual life. Generally he substantiated Hamilton’s findings and en¬ 
larged on some of them He believed with Hamilton that, 

in the infra-human primates ns well as in the genus Homo, 
homosexual interests predominate and normally precede hetero¬ 
sexual interests until the adult stage is well established. Homo¬ 
sexual interests occur in both sexes but are more common in the 
male. Submission as a homosexual object is implicated with 
biological inferiority in the infra-human primate. This is prob¬ 
ably the root of man’s conscious ineradicable recognition of 
homosexuality as a biological deficiency. . In the infra- 
human primate as In man, sexual submission is practiced to pro¬ 
cure food (clothing), and protection 

Bingham (2) has contributed an excellent study of the sexual life 
of the chimpanzee, genetically considered. Since this is the first and 
almost the only such study, it will repay careful leading^ Generally 

' See also recent studies of development of infra-human primate Infants by 
Jacobsen, Jacobsen and Yoshioka (12) and Foley (6, 7) for incidental ob¬ 
servations on sexual and dominance behavior 
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his conclusion is that hereditary equipment must be supplemented by 
individual experience in the chimpanzee before its sexual bcliavior 
may become functionally efficient He reports also a good deal of 
variability m this behavior and establishes the fact of its occurrence 
in immature animals. Several other observations are of interest in 
connection with the purposes of this paper For instance he describes 
a female in such a way that we may consider it to have been dominant 
to the other animals, and then points out that this female was never 
mounted by any of the others but that // mounted (in a sense) the 
other animals. The significance of this observation will be deinon- 
strated below. 

Yerkes' monumental atlas of anthropoid behavior (31) digests 
everything the literature has to offer on the study of the sexual life 
of the gieat apes InUiesting compaiUons between these apes arc 
available in tins volume Ycikcs (29, 30) lias also recorded the 
very interesting sexual behavior of a young female gorilla which he 
studied intensively Kohler (14) lias conliibutcd some useful and 
interesting remarks and observations on the sexuality of Ins group of 
chimpanzees, to which the reader should also refer Other studies 
to winch some reference should be made, although limitations of space 
forbid any consideration of detail, arc Montand (22, 23), Sokolow- 
sky (25), Passemard (24), Fox (8), and Coolidge (5) 

Zuckerman has contributed by far the most useful single study 
that we have available (32) It is m this book that the connection 
between dominance and sexuality is first pointed out clearly and dis¬ 
cussed. Indeed it is the first clear and extended discussion of domi¬ 
nance behavior in general that we have. Since tins work has been 
considered in other papcis in this scries wc shall pass it by with this 
general notice. 

Caipcnter (4) has recently given us an unusually complete field 
study of the howler monkey (a platyrrhmc) It is of paiticular in¬ 
terest to us because of the fact that this animal seems to display a 
different type of dominance behavior. Its sexual behavior in the 
group IS very different in several important respects from the bc- 
liavior of the baboon as described by Zuckerman (32). The general 
subject of the correlation between the howler type of dominance and 
Us charactciistic sexual behavior wiU be discussed more fully than 
would be possible here, in a future paper in this series [see also (15)]. 
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Here wc shall limit ourselves to pointing out that Caipenter reports 
no ownership of the female by the male, a relative lack of jealousy, 
nothing that looks like monogamous matinp, but instead what may 
be very crudely described as polyandry. One female in heat may 
satiate two or three males. The details of the mounting behavior 
differ in no essential respect fiom the behavioi we shall describe be¬ 
low 

II This Description of Sexuai. Behavior 

1. Functional Sexual Behavior Tins behavior has been variously 
described, although never as adequately as Stone has described the 
similar behavior of the white rat (26). No attempt will be made 
heie at this latter type of desciiption. We intend rather to set up a 
crude norm from which we can measure our deviations. A descrip¬ 
tive statement may also be found in Kempf (13), although some ex¬ 
ceptions must be taken to this description The mam point to be 
emphasized is the variability of this behavior from animal to animal 
and from species to speaes. 

Functional copulation takes place typically in the adult pair when 
the female is in heat, although sexual behavior may be observed 
throughout the female cycle (32), and in the young and prepubescent 
animal [see Bingham (2)] Individual and species differences are 
frequent. Common to all, however, are mounting (with a few ex¬ 
ceptions), intromission, pelvic movements of the mounting male, 
receptive posture in the female (presentation), and ejaculation. 

Mounting may be immediate and is not necessarily preceded by 
genital inspection, lip smacking, chattering, or vocalization as has 
been claimed by many who have worked with one particular species 
and have consistently obseived some type ol behavior preliminary to 
mounting. Yerkes (30) has also described tremors or shivering of 
the entire body during sexual exatement in a female gorilla It is 
unwise, however, to generalize any preliminary behavior because in 
many cases it does not occur. Any of these, of course, may occur 
The mounting itself is also, like every aspect of the sexual behavior 
of these animals, very variable from animal to animal, even within 
the same species All we can say by way of generalization is that 
typically (not always) the female will stand on all fours, sometimes 
with forelegs bent, sometimes not. She may or may not look back 
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at the mounting male, she may or may not vocalize. Kempf (13) 
describes “kissiag” in his animals during the sexual act. I have never 
seen this in any of my animals. The female does at times turn b.ack 
to the male and look at him, but their lips never touch. 

The male’s behavior is veiy hard to generalize, also because of its 
extensive variability The mounting may or may not be preceded hy 
vocalization (which vanes m character from species to species), geni¬ 
tal inspection (olfactory, gustatoiy, visual, oi manual), or other 
preliminary behavior. The functional mounting in most species is 
dorso-vcntral, although there is some evidence that in the orang-outan 
It is normally ventro-ventral [(18) and our own observation]. In 
dorso-vcntral mounting, the male usually grasps the female’s bind 
legs with his feet at the region of her knees, and grasps her sides or 
pelvic region with his hands Entrance is made, pelvic stiokes ensue, 
and finally there is ejaculation with accompanying excitement The 
male dismounts and becomes quiet, the female is apt to run about 
excitedly, peiliaps vocalizing at the same time Any semen extern¬ 
ally discharged may or may not be eaten by the male or the female 
or both. 

This whole act may be repeated frequently in a short space of time, 
sometimes being initiated by the male, sometimes by the female For 
instance, when a female sooty mangabey in heat was given to a 
Celebes ape, twelve functional copulations were observed in a period 
of about a half hour. Ejaculation was positively determined in three 
of these acts and could not be determined m the otlicrs 

Female initiation of the sexual act usually takes die form of pres¬ 
entation, in wlucli she assumes a receptive posture Her tail is lilted 
high and her pudenda exposed to the gaze of the male If the male 
is not at once responsive, she may back up to him so that her hind¬ 
quarters aie within a few inches of the male’s face She may look 
back at him and vocalize charactensticallv. Tins pose may be held 
foi a faiily long time, eg, up to tlmty seconds, If tlic male docs 
not respond, she may inicispersc repeated presentations with periods 
of excited tunning about and vocalization Sometimes the male is 
forced to threaten, bite, or beat her if she persists m this behavior, 
which seems to annoy him when lie is not receptive He may also 
at times inspect her ano-genital region visually, manually, etc., with¬ 
out any subsequent mounting. 
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Tlie male may initiate sexual behavior quite directly by grasping 
the female, and pulling her into the desired position. In many cases, 
liowever, he secures hei immediate cooperation by making his desires 
known to her in other ways, by characteristic vocalizations, tapping 
her back or sides, manual pressures, etc. These sexual vocalizations 
vaiy from species to species, but arc unifoimly efficacious in induc¬ 
ing presentation immediately in the leceptive female 

It will be seen that even functional sexual behavior is characterized 
by vaiiabihty rather than by uniformity When we introduce other 
factois that make for variability such as dominance mounting and 
learning or maturation of sexual responses, the picture becomes a 
varied one indeed. The accounts of the sexual behavior of infra- 
human primates tiiat are now extant arc obviously over-simplified. 

2 AutoeioUsm The occuiiencc of this behavior has been denied 
by Hamilton for his animals (9), but thcie seems to be little doubt 
that It occurs in a large percentage of isolated animals, It seems to 
occur more frequently in the male than in the female but it is quite 
certain that it docs occur in the female. It occurs also, to a much 
lesser degree, in animals in pairs or groups. In six isolated adult 
males at the Bronx Park Zoo, for instance, this behavior was fre-' 
qucntly observed in five of the animals The other animal was very 
old. There are no data available for animals in the wild. Yerkes 
(30) has reported, for his female gorilla, attempted use of the fingers 
of a man standing outside the cage as a masturbatory agent. Similar 
behavior was observed by him In .i 4-5-year-old female chimpanzee. 
Autoerotism was observed faiily frequently in our pan of young 
chimpanzees even when they were together 

3 HomosexuaUty. This behavior is observed vciy fiequently in 
caged animals of both sexes and all ages It has been described for 
Hamndry.'is baboons in the wild (32). This sexual behavioi will be 
of the dominance type described below rather than of the functional 
types already described, 

4. Female Maunitnff The female monkey may mount other males 
as well as females. Her behavior then resembles tlmt of the male in 
all respects that are anatomically possible This behavior is also of 
the dominance type rather than of the functional type. 

5, VenirQ'Ve7iUal Sexual Behavior. This behavior has been seen 
to occur m animals that normally copulate dorso-ventially, e.g., the 
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pigtail monkey, the macacus rhesus It has been observed infre¬ 
quently, occunmg sometimes in pairs of females and sometimes in 
heterosexual pairs. It has been observed only in prcpubtscent ani¬ 
mals, except for two pairs of adult orang-outans, in which animals, 
however, this may be the "normal” procedure A possible interpre¬ 
tation of this behavior is submitted below. 

6. Othei Forms of SeAitel Behavioi. Piactically all the so-called 
human "perversions” may also be observed m these animals, and there 
seem to be some more besides. The following list is offered with some 
misgivings about possible misinterpretation. It must be emphasized 
tlmt they occurred rarely and arc not at all typical. They aic men¬ 
tioned only because they will help to drive home the writer’s tlicsis 
of the tremendous variability of sexual behavior in infra-human pri¬ 
mates. He has confined himself only to such forms of bclmvior as 
he himself has seen in his animals 

The list of rarer forms of behavior follows; Heterosexual fellatio, 
auto-fellatio, exhibitionism, homosexual fellatio, coprophagy, nccro- 
pliiLia, bestiality (sexual behavior with dogs, cats, etc.), and the use 
of the very young animal as a sexual object ^ These animals fre¬ 
quently show a specific interest in both male and female genitalia 
regardless of their own sexual gender. Manual, visual, olfactory, 
and gustatory exploration of the male oigan occurs fairly frequently. 
Some animals have shown a great curiosity in the sexual act of otlier 
animals. Their curiosity may become so gieat that they may inter¬ 
fere with tile act itself. We have already mentioned homosexuality 
in the male and in the female which is veiy common, autoerotism, 
eating of semen, and female mounting We shall discuss below the 
mfia-human primate equivalents of sadism and masochism, wliich arc 
also veiy common 

7. Indmdual Development of Sexual Behavtot There is little 
doubt now that the sexual act in monkeys and apes develops into a 
smooth, efficient, wcll-mtcgratcd performance usually through a long 
scries of fumbling approximations and adjustments that look remark¬ 
ably like trial-and-error learning [see also Bingham (2)]. It is 
fairly certain that some segments of the final integrated act appear 
spontaneously at an early age and without evidence of learning. It 

*'rhese names are properly used for humans only They are used here as 
analogies 
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is probable that the adult animal who has had no sexual experience 
may go through the same process of trial and error fumbling that may 
be observed in the young animal (17). It is also certain that in an 
interspecies pairing, sexual adjustments are made which are certainly 
learned. For instance, in a pair in which a pigtail monkey was domi¬ 
nant and a rhesus monkey subordinate; the rhesus quickly learned the 
chaiactenstic pigtail sexual vocalization and responded to it effi¬ 
ciently, in spite of the fact that he had not so responded at their first 
meeting. 

Experiments similar to those which Stone has made with the white 
rat are necessary before the question can be answered in any satis¬ 
factory fashion, although it is already quite ceitain that the monkey’s 
sexual performance docs not resemble that of the albino rat with re¬ 
spect to sudden maturation 

During the course of this learning or maturation, many abnormal 
forms of sexual adjustment may be obseived Mounting may be on 
the head or side The sitting animal may be mounted It is only 
gradually that the ano-gcnital region is selected out for preferential 
sexual treatment. Various stages m the development of the mount¬ 
ing response itself may be obseived. It may take the form of ilding 
(as a jockey rides a horse) or of various kinds of hugging, or it may 
be merely a fumbling attempt to stand over the other animal. 

Many of these imperfect forms of sexual response aie also char¬ 
acteristic of dominance mounting. The latter diagnosis may be made 
from this behavior when previous, perfect sexual behavior has been 
observed. 

8 The Loss of Sexual Cychetiy. Both the male and female raav 
exhibit sexual behavior at any time of the month oi year Copula¬ 
tions may also be observed at any time during the female menstrual 
cycle The heat period in the female monkey is simply a period of 
greatei ability and of greater frequency of copulation, as Ball 
and Hartman (1) have shown, and noi a period to which all sexual 
behavior is confined, as in the lower mammal According to Bail 
tins period comes at about the time of ovulation, midway between 
two menstrual periods 

It will be pointed out below, however, tliat tlie character of sexual 
behavior probably differs at diffeient parts of the female cycle Copu¬ 
lation during the heat period is more apt to be of functional type, 
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wherc.is at otlici times it is moie likely to be ol the dominance type.® 

9 Se,riii7l Behaviot as a Channel fot Reptessed E\citetiienl Tinkle- 
paugh (28) has pointed out that, ■when monkej's arc excited by a 
stimulus with which no direct contact is possible, this excitement mav 
expend itself in a sudden burst of sexual activity [sec also Kohler 
(14)] Thus zoo animals that arc goaded into a rage by aniinalb in 
the next cage will lepcatedlv mount tlieir females Zuckerntan (32) 
has confirmed this observation using the Ham.idryas baboon, and our 
observations on zoo animals aic also conhrmatmy This behavior 
seems to he a soit of sublimation m leverse, and seems important with 
icspect to theoiies of sexuality and emotion It is interesting to note, 
however, that at the Primate Laboiatory thcic were two isolated ani¬ 
mals who wcie habitually stimulated to autocrotic activity by the 
expenmcntei's coming to the cage 

III. Tub Dominance Drive as a Motivator to Sexual 
Behavior 

The papers previously published m this senes (17, 18) presented 
consideiablc evidence to indicate a relationship of some soit between 
dominance drive and sexual behavior. Tlic tentative conclusion was 
advanced that there were two diftercnt kinds of sexual behavior, that 
motivated by sexual drive and that motivated bv dominance drive. 
In this section wc shall attempt to establish this dichotomy more 
firmly by a consideration of the experimental evidence now available 
This can best be done by discussing (1) the general evidence for the 
dichotomy, (2) the beluvvoi differences between sexual behavior de¬ 
termined by sexual lirivc and by dominance drive, (3) the character¬ 
istically diffeient constclLuions of circumstances that call fortli domi¬ 
nance sex behavior, (4) tlie chmacteristicallv diftercnt constellations 
of circumstances that call fortli subordinate sex behavior, and /iiiall]' 
(5) the evidence that disagrees with the proposed dichotomy. 

It should be remcinheicd that we are attempting no absolute dicho¬ 
tomy. Its two aspects are merely extremes on a continuous scale. 

1. Geneial Evidence For the Dichotoiny 
a The con elation between dominance status and sexual role 
In an experimental determination (18) of the behavior syndromes 

"This is merely the writer's impression from observation He has no ex¬ 
perimental endocnnoloj'ical substantiation for this statement 
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characteristic of dominance and subordinate status, it was found, after 
suitable corrections had been made, that the dominant animal in a 
pair did 98 per cent of the mounting in the pan (an average of ten 
dominant animak) Since this correlation was independent of sexual 
gender, that is, it held true whether the dominant animal was male 
or female, it is possible to say that dominance role is correlated with 
“male"’ sexual behavioi, and that subordinate role is correlated with 
“female” sexual behavior This correlation, which is independent of 
the correlation between sexual hormones and sexual behavior, indi¬ 
cates ceitainly a form of motivation to sexual behavior that is rela¬ 
tively independent of the specific motivating power of male or female 
sexual hoiniofies. Tins second motivation we have called the dom¬ 
inance drive. 

k Freedom of se.x/ml l>eliavior ftow eychciiy. Sexual behavior 
in the infra-humnn primate is not confined to n heat period. Since the 
female sexu.^! hormones do follow, in their incidence and function, an 
anatomical and physiological cycle, it would seem reasonable to hypo 
thesize another factor to account for the discrepancy between non- 
cyclicity of sexual behavior and cyclicity of sexual hormones Zuclcci- 
man (32) has attempted an endocrinological explanation of this dis¬ 
crepancy by assuming that, since the sexual hormone oestrin is tlic 
only known cause of sexual behavior, and th.-it, since sexual behavior 
does occur m the luteal period, therefore oestrin must exert a con¬ 
tinuing cftect even during the luteal period This theory is based 
upon the assumption that sexual behavior is motivated only in a 
hoimonal fashion, an assumption that we hope to prove unnecessary 
Practically all the evidence presented in this paper constitutes a re¬ 
futation of Zuckerman’s theory, but we shall consider it more specific 
ally below, 

c. The separahtUiy of the tiiflnence of the sexual honnones 
There arc some data, however inadequate, that bear on this point in 
a direct way. Ball’s paper (I), previously lefctred to, indicates a 
definite increase in sexual excitability in the female macaque at about 
the time of ovulation, Our own observations indicate also that the 
behavior of the female is qualitatively different in various ways when 
she is III (relative) heat We have observed several cases of reveisa! 
of dominance from a dominant female to a previously subordinate 
male, when this female came into physiological heat. Copulations at 
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•^uch fi time are of tlic functional type lather than of the dominance 
tvpe Ficqucnt “full" or physiological presentations are observed in 
the female at such a time. An inadequate male may, during s.uch a 
period, call out behavior m the dominant female that is not observed 
at other times, e,g, bullying-presentation. This is the period wlicn a 
male may most easily assume dominance status. Differences of social 
organization within the baboon harem have been described by Zucker- 
man that seem to depend definitely upon this same factor (32), 
From such data as these we may assume the actual as well as logi¬ 
cal differentiability of the motivating influence of the sexual hormones 
and the dominance diive, 

(!. The coi I elation of diffei ent kinds of dominance with different 
fonns of social and sexual oigamzation tn infia-huvmn pi mates. 
There IS no reason to suppose that different types of hormonal or¬ 
ganization exist in the different families of infra-human piimates. 
Any differences in social and sexual organization tliat could be demon¬ 
strated to exist between these families would be logically referable to 
factors other than hormonal ones The writer has attempted to cor¬ 
relate tliese differences with diffeiences in type of dominance drive 
existing in these families (15). Three types of dominance drive were 
demonstrated to exist in the three main mfra-human groups that have 
been studied (platyrrhine monkey, catarrhme monkey, and antliro- 
poid). The differences in social and sexual organization that have 
been demonstrated to exist in the first two of these groups (4, 32), 
were correlated with the respective type of dominance. Since the data 
bearing on this hypothesis arc very scanty, too much should not be 
made of this point until further investigations fill in the gaps in the 
data Such studies arc urgently needed if we are to understand the 
social behavior of these animals. 

e The use of sexual behavior as a "power weapon" Sexual be¬ 
havior cannot be interpreted always as a means to eiotic satisfaction, 
especially since some behavioi such as mounting by the female is very 
unlikely to give erotic satisfacbon While the data to be discussed 
below all bear on this point mote specifically, the general statement 
may be made here that much behavior can be interpreted only as be¬ 
havior attempts to satisfy a dominance drive and not a sexual tension. 
Sexual behavioi is used as an aggressive weapon often, instead of 
bullying or fighting, and is to a large extent interchangeable •with 



322 


A H. MASLOW 


these latter power weapons It may be used to subdue an annoying 
partner, it may be used to enforce the desires and the will of a domi¬ 
nant animal, and in many other ways that clearly indicate its import¬ 
ance as a power weapon 

2 Behavior Dijjetemes The mounting ammal in the dominance 
mount behaves differently from the mounting animal m the functional 
copulation While none of these differences are absolute, there are 
enough of them to make diagnosis fairly simple in many cases. All 
or any of the elements that we have designated as essential in the 
functional mount may be mibsing m the dominance mount, or they 
may he present in a meiely nominal sense Erection may or may not 
be present (in the dominant male), cntiance may or may not be made, 
ejaculation is much less likely to occur, pelvic movements may be com¬ 
pletely absent, or may be very few in number, and these movements, 
as well as the whole peiformsmce may be of a very lackadaisical char¬ 
acter, very different fiom the excitement and tension of the mounting 
animal in the functional mount. 

Mounting maj'’ be impeifect The only desideratum at times seems 
to be above the subordinate animal It makes no difference at times 
whether this latter animal is sitting, lying on his face, on his back or 
on his side. The subordinate animal may then be mounted on the 
head, or side, oi any place else. The mounting in fact may be fore¬ 
shortened down to the point where it is difficult to diagnose its pres¬ 
ence for scoring. It may, once begun, stop at any point in the be¬ 
havior series Grasping the hind legs of the subordinate animal is 
more frequently absent than piesent in mounts of this kind 

Generally signs of sexual excitement, as described above in connec¬ 
tion with functional mounting, aie more apt to be absent than pres¬ 
ent. Vocalizations for instance are not very fiequently heard In 
dominance sexual behavior The mounting animal is very easily dis¬ 
tracted by any interesting stimulus Dominant animals have often 
been observed to begin grooming while still mounted Food offered 
to such an animal will also win out over the sexual activity very fre¬ 
quently. 

The subordinate animal, i e, the one who is mounted, will behave 
dififeiently from the mounted animal in functional sex behavior Pres 
entation again may be merely nominal and very often is. This re¬ 
sponse may vary all the way from a mere flirt of the hindquarters in 
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the direction of anothei ammal in passing, to the full functional 
presentation response of the female m heat. Sexual excitement is 
almost ahvays absent in the dominance mounting in the mounted as 
well as in the mounting animal There may or may not be coopera¬ 
tion with the mounting animal The following responses have been 
obseivcd in the suboidmate animal in a dominance moiintuig. fear, 
apprehension, disinterest, mere complaisance, annoyance, impatience, 
passivity, cringing, attempts at flight, sitting, moving about, collap¬ 
sing, somersaulting, flight vocalization, the “flight snarl,'* wa\y 
flexibility, complete loss of tonus. 

In many cases the evidence from behavior indicates that being 
dominance-mounted is unpleasant This is especially true for those 
animals that wc have named “strong-dominance” animals, i.c , those 
animals with veiy strong drive to dominance, who, however, happen 
to be subordinate in the particular pairing under consideration be¬ 
cause of other factors In othci “weak dominance” animals, however, 
this may not be true. 

3. The Situations in JFhich Dotmnance Sexual Behavioi Occuis 
The situations and constellations of circumstances that instigate or 
are followed by dominance sexual behavior are so numerous that it 
15 necessary to classify them m some way, Accordmgly the following 
classification is offered, tliough with some misgivings, since it neces¬ 
sarily involves a good deal of anthropomorphism, and also because, 
to some extent, it begs the question under discussion It should be 
understood that it is used merely for the sake of convenience of pres¬ 
entation. 

a When a doimnant animal does not get v/hat he wants. If 
the subordinate animal gets food that the dominant animal wants, if 
the subordinate animal does not groom the overlord when the latter 
has presented himself for grooming, if the subordinate animal does 
not submit to grooming when the dominant animal has attempted to 
groom him, if the suboidmate animal docs not at once give up any 
object desired by the dominant animal, dominance mounting by the 
dominant animal is very likely to occur A dominant female, when 
she has come into heat, will present to her partner for mounting. If 
he IS afraid to do so, or is inadequate in any way, the dominant fe¬ 
male tends to mount the subordinate animal so offending 

b. To end a Situation not liked by the dotinnanl ammal If the 
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subordinate animal makes too much noise, is too active, plays too 
boisteiously, or in any other way becomes a nuisance, it is likely that 
tile dominant animal will mount him in an effort, usually successful, 
to subdue him. One animal that wri^led about a good deal while 
being giooined by the dominant animal was mounted frequently by 
the latter when such behavioi occuired. The subordinate animal 
would then become moie tractable. When the subordinate animal 
makes any attempt to mount the dominant animal, or if he even makes 
a gesture to do so, it is extiemely probable that the dominant animal 
will mount him. 

c. JVhen a siinaiionj desiiable to the dominant animal, ends If 
the dominant animal is being gioomed and likes it, oi if he is groom¬ 
ing and likes it (as evidenced by his behavior), and the subordinate 
animal ends the situation by running away, he is likely to be mounted 
by the dominant animal. 

d. When then ts any challeuffe to the dominance of the overlaid. 
Under this somewhat doubtful heading may be grouped such situa¬ 
tions as the following' genital inspection of the dominant by the sub¬ 
ordinate animal; too great boldness in the subordinate animal in at¬ 
tempting to get food; an attempt by the subordinate animal to mount 
the dominant animal, boldness in returning the “dominance stare" 
of the overlord; too great a display of attempted dominance in the 
subordinate animal ; eating of food even after the dominant animal 
has spurned it. Any of these situations are liable to eventuate in 
mounting by the dominant animal. Mounting may also be used by 
the dominant animal to intimidate his parbier in advance of food get¬ 
ting, i.e., when the food signal is given expeiimentally. In our ex¬ 
periment, in which food was dropped automatically into the experi¬ 
mental cage thiough a chute, if the subordinate animal merely looked 
into this chute opening, even when no food was there, he was liable 
to be mounted by the dominant animal. 

In this same experiment, food was Introduced into the situation 
only beginning with the sixth experimental period In many cases, 
this first introduction of food inci eased the number of dominance 
mountings. In a few cases, no dominance mountings occurred until 
this period. 

Under this heading may be mentioned also the fact that more 
mountings occur in the first meetings of a pair of animals, and also 
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tliat theie seem to be more mountiivgs la the first few miiwitcs of such 
a meeting thnn there sue m the last few minutes This phenomenon 
may possibly be mterpicted as due to the fact that dominance is es¬ 
tablished caily and this is one way in which it is done There are, 
of course, otlicr possible inteiprctations of this behavior. 

e PFhen dominance ts openly conceded {in some cases) This 
may seem to contiadict the previous classification (of challenge to 
dominance). However this may be, the fact, nevertheless, icinains 
that such behavior does occur In explanation of tins apparent pnia- 
do^e, we can point to the gencial fact of bipolarity or ambivalence of 
behavior m everything that has to do with the dominance drive, and 
second, to the more obvious fact of cxticmely wide imlividunl diff- 
cienccs in strength of dominance drive, and consequently, m chnr- 
actei of behnvioi Thus, in some ovcilords, dominance bcliavior is 
stimulated by opposition oi cliallcngc, in others, it is stimulated by 
lack of challenge, or too ready subordination In sucli animals, domi¬ 
nance se'i beliavioi mav be called out by flight of the subordinate ani¬ 
mal, or by cowering, cringing, "fcar-cliattcnng,” etc. (Although in 
other cases, this same bchavioi may ward off ovcu dominance be¬ 
havior in the overlord ) Subordinate presentation may call out domi¬ 
nance mounting, or, in other animals, it may ward it off, since by 
presentation dominance is conceded 

/ In any situation m which hiillyinff oi attack or fiyhthiff miphl 
have occuned The behavior syniliomc of dominance is at the same 
time a unity and made up of inteichangeable parts. The above 
classification of situations that call forth dominance sex behavior 
might be made to serve equally well for a canvassing of the situations 
that would call forth bullying, simply by substituting the word 
“bully” for “mount.” The contrary proiiosition may be stated thus: 
any situation that is adequate to call forth bullying behavior is also 
as adequate and as likely to call forth dominance sex bcliavioi. 

g. Dominance sex behiwiot m the subordinate animal The 
dominance diivc is not cyclic but continuous The data indicate tliat 
it is best to think of it in the subordinate animal as continuously ac¬ 
tive, and always trying'^ to express itself in dominance behavior even 
when in tlie suboidinate status Thus, whenever there is any possi- 

^Such anthropomorphic expressions arc used here only because of space 
limitations 
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bility oi doing so, the subordinate animal wiU behave in a dominant 
fashion The following instances of such behavior have been recorded 
during the writer's experiments. 

In inter-species pairings, it has been possible to determine that one 
or the other animal was dominant The behavior syndrome has often 
not been as perfectly intercorrelatcd as in like-species pairings. For 
instance, m pairing a giecn monkey, which was a very fast but timid 
animal, with a macaciis rhesus, which was a comparatively slow but 
dominant animal, it rras found that the macaque was dominant in all 
behavior but food getting The green monkey was so speedy that he 
could get the food far more easily than his partner as it dropped from 
the food chute. The continual efforts of the macaque to enforce his 
dominance (sexually and otherwise) were futile because it was pos¬ 
sible for the gieen monkey to avoid his rushes very easily 

Any weakness in a dominant animal is immediately seized on and 
exploited in the dominance struggle A dominant macaque that had 
somehow spiamed his ankle was soon flouted by the subordinate ani¬ 
mal whom he had dominated completely previously Among maca¬ 
ques, a sick animal is often beaten or bullied to death, even though 
It may have been dominant before 

The strong desire of a dominant animal to groom or to be groomed 
rnav be thus played upon by the subordinate animal to satisfy at least 
partially his own dominance drive. Several dominant animals, who 
were strong groomees (liked to be groomed), were regularly mounted 
by the suboidinate animal, upon presentation for grooming The 
dominant animal would often allow this mounting for a moment or 
two, if it were followed by the strongly desiicd grooming 

4 The Situaiions in JVhich Subordinate Sex Behavior Occtin. 
The dominant animal will present (assume the female sexual posi 
tion which is also usually the subordinate sexual position) in the 
following situations; a dominant female will piesent when in heat; 
a dominant animal will present to get what it wants, c g, gioommg, 
when mounting or bullying are of no avail; to attract or lure the 
subordinate animal so that he may be bullied or mounted; in play 
(see the first paper in this senes). The dominant female may behave 
in a way that we have called “presentation-bullying.” She will pre¬ 
sent to the suboidinate animal and at the same time bully him with 
her hind legs Sometimes m this position she may back up closer and 
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clo'sci to Uim uatil finally she passes riRht ovci him into a mountiUR 
position The dominant animal may also present in a fashion that 
can only be called teasing Pic may present and allow the subordinate 
animal to approach and almost mount, only to turn on him (not 
viciously, howcvci) ami snarl or giowl or bully him. This may be 
icpcatcd scyeral times, but usually the subordinate animal does not 
lepeat the performance after one or two attempts. 

The suboidinate animal may present in the follo-vvmg situations: 
aftci getting food, if tlie dominant animal is annoyed or sliows any 
resentment oi anger, upon aggressive approach of the dominant ani¬ 
mals, aftei, before, or during bullying oi attack; to keep food alre.idy 
obtained if the dominant animal appioachcs, on genital inspection by 
the dominant animal; upon appioacliing the dominant animal to sit 
near him or to groom him; "when the dominant animal indicates his 
desire to mount, when the suboidinate anunnl has been too hold; 
when the dominant animal stares at him in a specific way which the 
writci has called the '‘dominance staie"; duimg the veiy fiist mo¬ 
ments of the first meeting with an animal who tuins out to be domi¬ 
nant. 

Any animal may present to a strange, or unknown, or fcni-mcluc- 
ing stimulus. This may at times be intcrpicted as a question of 
propitiation or subordination, and at other times as a gesture of 
fricndlincbs. For instance, a young mandrill, seeing a lighted match 
for the first time, touched it and was burnt Immediately he pre¬ 
sented "fully" An oveilord, who had bullied his partner into a 
state of terror, now wanted to be giooined Whenever he approached 
his suboidinate, liowcvei, the latter cuiled up and cringed instead of 
grooming, wlicrcupon the oveilord presented to him. This scented 
to be rcassuiing and an indication that no fuitlier violence was in¬ 
tended, and the suboidinate at once “itaited grooming. 

5 Co?iti/i)y Evidence Some evidence may be marshalled against 
the dichotomy heic proposed While tlie writer feels tliat the nega¬ 
tive evidence is far outweighed by the positive evidence, he also feels 
tliat tlie readei had best decide this foi himself, The following 
facts throw some doubt on the validity of the distinction and must be 
explained away in any final statement of the problem 

There is some evidence that true sexual excitement is at times in¬ 
volved in the doitiinancc sex lelationship. Dominance mountings, in 



328 


A. H MASLOW 


a few instances, liave been observed to be stiraubtcd by the heard sex 
grunts of copulating animals m a neighboring cage or room. Also 
autoerotism seems to decrease in a dominant animal who has engaged 
only in dominance mountings during the experiment Again, it should 
be pointed out that while any or all the essential elements of the 
functional sex behavior may be absent in the dominance mounting 
(and most often aic), these same elements are often present in the 
dominance mounting to a large extent, although raiely as completely 
as in functional mounting. Thus sex vocalizations may be present 
in some dominance mountings. Erection is fairly frequently observed 
m the mounting male (and peculiarly enough, in the mounted male 
as well). 

The sexual value of the subordinate sexual position is a very puzz 
ling matter The evidence bearing on the question is vague and con¬ 
tradictory. For instance, in addition to the note above on erection 
in the mounted male, we might mention also the case of a subordinate 
macaque male, who practically always masturbated while being 
mounted by the dominant animal. The fact also that dominant males 
or females may mount the subordinate male or female after acci¬ 
dental glimpses of the genitalia of this latter animal indicates a pos¬ 
sible specific attraction value of these organs, in which, however, no 
distinction is made between male and female genitalia 

It should also be mentioned that a few dominance mountings, 
which were diagnosed as such because of the stimulating situation, 
bejinvioristically looked almost like true functional mounts, so that, 
if observed alone without knowledge of the situation, they might 
have been diagnosed as functional rather than dominance mounts 
It has looked sometimes, in cases like this, as if the original motiva¬ 
tion was dominance, with the peiformance changing in character 
as it was found to be erotically pleasant Thus the dichotomy is 
very far from being a sharp one. 

Another fact that should be emphasized again is that what we have 
done was to point out the two extremes of a continuous scale of be¬ 
havior A distinction between dominance sex behavior and hormone 
sex behavior would never have been noticed or made, if the middle 
ranges of the scale of behavior alone had been observed. It was only 
through observation of the extremes of the scale of behavior that the 
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distinction was noticed and earned over to the middle, more doubt¬ 
ful cases of sexual behavior 

So far as reproduction is concerned, also, there is prohably little 
doubt that what I have called a dominance mount eventuate in 
impregnation and production of offspring in adult animals, The dc- 
sciiptive term “functional mount” must remain a relative one 

6 Si/mniary With the preceding considerations the writer has 
attempted to convey what is much bettei and more convincingly 
driven home by a few hours' observation of the behavior of tliese 
animals undei the proper conditions. That a simple explanation of 
their sexual behavior in teims of sexual drive alone is completely 
inadequate is, we think, an established fact When we add to this 
drive the motivating influence of the dominant drive, wc have a much 
more valid explanation of the chaiactciistic sexual behavioi of the in¬ 
fra-human primate Tins “two-drivc theory” may eventually be 
turned into a three- or four-drive thcor)', or the dominance drive 
itself may be explained on an endocrinological basis.*^ However that 
may be, on the basis of the evidence now in hand, wc must allow for 
a more complex motivation of sexual behavior m the monkey than 
the science of endocrinology has hitherto thought necessary. 

IV. Some Implications or a Two-Drive Theory 

I Freedom from Sexual Cycltchy We have already mentioned 
the fact that the sexual behavior of the monkey is not confined to n 
heat peiiod but may occur at any time of the year, month, or during 
any period of the female menstiual cycle The tendency thus far 
has been to explain this anomaly m cndocnnoiogical terms. Heape, 
for instance (11), labels it “abnormal ocstrous behavior.” Zuckcr- 
man (32) has made a more systematic attempt to explain this be¬ 
havioi in terms of a continuing effect of the ocstrm hormone through 
the luteal period 

We shall make no attempt to criticize this theory on an en¬ 
docrinological basis except to point out the lack of evidence (even 

^PoT instance, there is some indication now that both men and women 
produce both Che male and female sexual hormone It is at least con¬ 
ceivable that the behavior we have described may eventually be considered 
to be a function of the variable interplay and balance of these two liormones 
>n the sntne oiganism. 
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endocrinological) to support it. The scanty data adduced by Zucker- 
man m its support aie suggestive but by no means conclusive or even 
convincing We sliall instead confine our efforts to demonstrating 
our alternative theory and pointing out the vaiious ways in which 
It fits the behavior data in an explanatory way 

We submit that a consideration of the dominance diive as a mo¬ 
tivator to sexual behavior, when added to the sexual drive, is ade¬ 
quate to explain this freedom from cyclicity If it were possible to 
disentangle the sexual effects of the dominance diive from the sexual 
effects of the sexual drive, we should probably find that the sexual 
drive in the female follows roughly such a cycle as we find in the 
lower mammals The rough facts of this cycle aie now known on 
the anatomical side. Ovulation comes approximately at the midwav 
point between the beginnings of two menstrual periods. During 
the pciiod before ovulation, the ocstrin hormone® is the most potent 
endocrine deteiminer of behavioi; during the period aftei ovulation, 
the corpus luteum hormone® is the most potent determiner of be¬ 
havior. The influence of the oestiin hormone seems to rise to a peak 
a day or two before ovulation. Ball and Hartman (1) found this 
to be true for sexual excitability in the adult female macacus rhesus^ 
although some animals showed no difference of behavior throughout 
the cycle At this time the copulations that occur seem much more 
likely to be functional in nature, and they seem to occur moie fie« 
quently. 

If wc take this physiological rhythm as fundamental, we find su¬ 
perimposed upon it all the sex behavior determined by dominance, As 
we have shown, sexual behavior may be independent of sexual 
excitability or desire Since dominance drive is not cyclic but con¬ 
tinuous, we have sexual behavior occuiring at any time during the 
cycle. 

Stated biielly then, this hypothesis holds that the freeing of 
monkey sexual behavior from cyclicity is due largely to the super¬ 
imposing of socially nrotivated sexual behavior upon the hormonal 
cycle. The pattern of hormonc-deteirained behavior is fundamental 
and takes precedence over dominance-determined sexual behavior, 
especially m the period just before ovulation, and probably also m 

*Or hormones. 
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the longer "oestrin period” before this. But when tlicse prepotent 
physiological factors are not opeiating or arc at a low ebb, then 
we have clearly coming into prommence another kind of motivation 
and another kind of sexual behavior It is the resultant of these 
two types of motivation that gives us the sexual behavior picture 
that we actually obseive in these animals Tins does not mean that 
the two types of motivation arc distinct in their effects, nor that the 
two kinds of sexual behavior are easily distinguished It is liighly 
probable tliat many individual sexual acts arc the resultant of both 
drives, and that these two drives generally intcnningle and join to 
produce a common effect. 

This theoiy will also explain satisfactorily the frequent appear¬ 
ance of homosexual behavior, piostitution behavior, and many othei 
kinds of behavior that the endocrinological theory cannot at the 
moment deal with. 

One other fact is veiy important in this connection. To say that 
sexual behavioi occurs m monkeys at any time is inaccurate In some 
pairs it may never occur, as so many authors liave reported ° If the 
female is dominant to the male it may ncvei occur except in the foim 
of dominance mounting by the female only In other cases, when a 
female is not too markedly dominant over the male she is with, she 
will present to him and functional copulation will ensue only 
when she is in lieat, and at no other time Such behavior patterns 
as these cannot be explained endocnnologically. 

2 "Prostitution Behavior' in Monkeys. What has been called 
"prostitution behavior” in monkeys may be understood in a broader 
frame of reference in the light of the pievious considerations Eco¬ 
nomic goods that are ordinarily unavailable to a subordinate animnl 
become at least partially available to him when he concedes dominance 
by assuming the female sexual position We must understand that 
he IS ordinarily cut off from access to these economic goods because 
he does not date challenge the dominance of the overlord by avail- 


’’"Some females have, however, consistently refused the mate, and certain 
ones have an antagonism to one or the other of our males but the stage of 
the menstrual cycle has nothing lo do with tlieir refusal or acceptance” 
Hartman (10) Many such quotations .ire available m many other studies 
Just as frequently do we meet with interpretations in terms of “ant.Tgoni8m ” 
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ing himself of them. Obtaining a piece of food apparently has two 
meanings for monkeys. (1) it is a source of hunger appeasement 
and (2) it is also fin assertion of dominance. If the suboidmatc 
animal can assure the dominant overlord that he means no chal¬ 
lenge to dominance, then the ovcrloid, if he is not hungry, mav 
allow him to get the food. The method par excellence of showing 
subordinate status seems to be an assumption of the female sexual 
position (presentation) To interpret such behavior as an economic 
transaction in which sexual satisfaction is offejed m exchange foi 
economic goods, quid pio quo, seems to be an unsatisfactory inter¬ 
pretation The presenting monkey is oftenng not sexual satisfaction 
but social submission 

3. Homosexual Behaiior, This behavior is easily explained as 
dominance and subordination behavior An animal will mount 
another animal of the same sex to assert dominance; and an animai 
will ptescin to another animal of the same sex to admit subordma 
tion, To interpret such behavior as an abbeiation of the sexual drive 
or as an endocrinological abnormality is to go fni astiay. To the 
human observer the fact that the animals behaving sexually are of 
the same sexual gender seems very important and he gives it the 
special name of “homosexual*’ behavior Actually this is an artificial, 
man-made abstraction from a laigc mass of liomogeneous behavior, 
namely, dominance mounting It is important and significant only 
to the human, and not to the monkey, that a male overloid mounts 
a subordinate male rather than a female This means no more and 
no less than dominance-mounting a subordinate female 

4 The Unmounted Female, and Other Non-Reprodnettve 
Phenomena Cases in which a female is never mounted by the males 
in her group, or in which the female mounts males or other female-) 
instead of being heisclf mounted, or in which a male will mount 
other males in pieference to females, are piobably all explicable in 
the same terms that we have used above The female who is dom¬ 
inant to all the males in the group will not be mounted by any of 
them except when she comes into heat, and possibly not even then, 
if she is vety dominant, for they will feai her even when slie presents 
The animal who is mounted by the overlord foi the assertion of 
dominance may be either male or female However, it will not be 
mounted because of its male- or femaleness; it will be mounted be- 
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cause of tlie strength of its own dominance drive, which is indepen¬ 
dent of Its sexual gender. 

On the surface, then, it might seem as if the dominance drive, 
because of its peculiar workings, was non-biological, in the sense that 
it had negative suivival value for the race or species. Closer ex¬ 
amination of the facts will convince us that tliis is not true, how¬ 
ever In the first place the fact of sexual dimorphism insures gen¬ 
erally tite dominance of the male over the female in the wild In 
our experiments this factor of sexual dimorphism was deliberately 
controlled by matching for sme and also by choosing animals of 
like sex for pairing. The fact is, then, that the usual male superiority 
m size and sticngth ts not without survival value. It insures for 
these animals in the wild a fitting of the dominance drive and its 
manifestations into the geiieial picture of survival of the species. 
It indicates also a veiy impoitant social value for this fundamental 
anatomical fact. 

In the second place theic is some indication that a dominnnt 
female coming Into heat loses her dominance and assumes the or¬ 
dinary “female" role in sexual behavior. This fact (if it he found 
to be a fact) is also shown thus to be of survival value 

In this connection it is mteresting to consider the difference be¬ 
tween the infra-human pnmate and, say, the guinca-pvg or the white 
rat. This latter animal has been shown by Stone (26) to display 
specific maturation of the sex-drive and also of sexual behavior. A 
young male, without any sexual experience whatsoever, will show 
an astonishing perfection and adequacy of behavior the first time he 
mates with a female What m the monkey takes the place of this 
perfection of maturation in which teaming need play no part ? What 
takes the place of specific stimuli to sexual behavior? So far as is 
known there are none that are nearly as definite as those we find 
in the lower animals, The w'riter suspects that this question has 
at least some light thrown upon it by the preceding considerations. 

5. Sodism-Masochism Sadistic behavior seems to be dominance 
behavior and masochistic behavior seems to be subordination be¬ 
havior It is to be doubted that these behavior types are direct 
manifestations of the sexual diive as has hitherto been thought, al¬ 
though It IS very easy to understand just why this mistake should 
have been made Sadism and masochism are very definitely con- 
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nected with sexual behavior, but it is our conviction that this 
connection is with sexual behavior of the dominance type, and that 
they are alike manisfestations of something deeper, the dominance 
drive in its two aspects of dominance behavior and suboidination 
behavior, 

6 Jealousy Oftentimes we sec behavior in the infra-human pri¬ 
mate tiiat can be dcsciibed only as jealous behavior The inter¬ 
pretation of such behavior in terms of outraged dominance, challenge 
or affront to dominance, etc, is at least a possible one even if it is 
also a very risky one, We wish at this point merely to suggest that 
this question may be elucidated bv further research with tlie 
dominance drive. 

7 The Divotciriff of Se.xiiM Behavior from Repioductton. To 
this day, many psychologists speak of sexual and reproductive be- 
liavior as if thev were synonymous The absurdity of such a con¬ 
tention has been amply demonstrated by the facts presented in this 
paper. While sexual behavior may be reproductive it is not neces¬ 
sarily so, and as often as not, actually is non-functional or non- 
reproductive. 

8, Ventro-VenUal Se\ Behavtot We are inclined, on tlie basis 
of the inconclusive evidence that we have, to interpret this behavior 
as the means whereby an animal with strong dominance drive, who 
has been forced into a suboidinate position, may avoid the (for him) 
obnoxious subordinate sexual position We suspect that it may also 
mean equality of dominance. 

This behavior, with one exception, occurred only n pairs in which 
the subordinate animals had a strong diive to dominance. In oui 
200 observations (17), this behavior occurred m two groups. In 
group nine, the young male mandrill who was subordinate to the 
female, nevertheless was a very aggressive nnimal and seemed to 
have a strong drive to dominance, Ventro-vcntral sex adjustments 
were observed twice in this pair. The same behavior was observed 
in a group of pigtail monkeys (g^oup 5), under the same circum¬ 
stances. It was never seen to occur in monkey groups in which the 
overlord was completely dominant 

In the laboratory experiments (18), this behavior, with one ex¬ 
ception, again occuried only in pairs in which the subordinate ani¬ 
mal had strong drive to dominance (Pal-Psyche, Jill-Jack, Spitter- 
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Glcnny, and Roughse-Toughie) These pairs were the only ones 
in wliich the subordinate animals were “strong-dominance” animals. 
The one exception to this tentative rule was observed m the Psyche- 
Percy pairing, m which Psyche, the dominant animal, initiated this 
behavior three times. Since he had previously been paired with 
Pal (in which pairing there was much struggle for dominance), this 
exception may perhaps be interpreted as a habit carry-over. Cer¬ 
tainly It is significivnt that when he was paired with Pal, Psyche 
initiated this behavior 118 times in 25 periods, whereas when he 
was paiied witli Percy, a completely subordinate animal, this be¬ 
havior occurred only three times m 30 periods. 

In a more recent experiment, not yet reported (19), in which 
12 paiiings were made, this bchavioi occurred only once, and licrc 
too m a pairing m which the subordinated animal displayed an 
extremely strong urge to dominance. 

The status of this behavior in apes seems to be somcwliat different 
and it IS doubtful that the above interpretation would hold for 
them, [t has been observed m the gorilla (29, 30), the chimpan¬ 
zee (29), and m the orang (8). Out pan of chimpanzees at the 
zoo (17) also at times exhibited tins behavior The male, who 
was dominant, lay on his back and invited the subordinate fcmnle 
to come to him by spreading his arms and legs wide She usually 
responded by coming rapidly and lying on him. The keeper of the 
zoo repoited the same behavior for a pair of orang-outans winch 
had died before our experiments began. The female, who was 
dominant, invited the subordinate male to sexual activity in the same 
way In tliesc orangs and in those reported by Fox (8), this was 
the only form of sexual behavior obscived and it may be the ''nor¬ 
mal” way for these animals In our pair of chimpanzees and m 
those recorded in the literature, this behavior was interspersed with 
ordinary dorso-ventral mounting by the dominant animal. 

The door is wide open to guesses as to the interpretation of this 
behavior m the apes Oui own guess would be that this beliavior 
has something to do with the diffcicnt kind of dominance drive 
observed in the anthropoid apes It would seem to us to go along in 
some way with their greater fnendlmcss and mutuality of behavior. 
Obviously, however, more data are needed before more valid hypo¬ 
theses may be made 
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IV. Summary 

A brief description of the sexual behavior of infia-human primates 
emphasized the profusion of sexual behavior, both in amount and 
variability 

Various considerations \vete then discussed that made it seem 
valid to consider the dominance drive as a motivator to sexual be* 
havioT. If this is admitted to be true, then all sexual behavior may 
roughly be divided into two types, that motivated mainly bj the 
sexual drive, and that motivated mainly by the dominance drive 
The latter type may be used as a power weapon, and as a form 
of gesture language with which social attitudes are communicated. 

Various baffling problems of social and sexual behavior in these 
animals may be cleared up, at least partially, by an application of 
this ^'two-drive" theory. The problems discussed were (1) fice- 
dom from sexual cyclicity in the infra-humnn primate, (2) the 
so-callcd "prostitution behavior" of these animals, (3) homosexual 
behavior, (4) the unmounted female, and other similar non-repro- 
ductive phenomena, (5) sadism-masochism behavior, (6) jealousy, 
(7) the general problem of the separability of sexual behavior from 
reproductive behavior, and (8) ventrowentinl sexual behavior. 

Nothing has been said in the body of the paper concerning the 
human (advisedly). It is, however, very obvious that the tech¬ 
niques of experimentation and theoretical application discussed for 
the infra-human primate strongly suggest reconsideration of similar 
human behavior in their light. For instance much that has been said 
heic could be proiit.ibly compared with similar data and conclusions 
drawn by Adler and his school for the human. We call particular 
attention to the close similarity between our concept of dominance 
drive and the Adlerian concept of "masculine protest." 
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THE DEVELOPMENT OF THUMB OPPOSITION IN 
THE HUMAN INFANT 

From The Yale Chmc of Child Development, New Haven, Conneelicul 


Arnold Gesbll and Henry M. Halverson 


I Introductory 

Wood-Jones, wlio has written so suggestively about the hand of 
man and of the infra-human primate, says that the “subject of 
thumbs and big toes has provided an arena in which anatomists, 
philosophers, and even divines liavc met and done battle." He be¬ 
lieves that the human thumb has received excessive praise from philo¬ 
sophers and reminds us of the “beautiful little hand" of that interest¬ 
ing primate, Tffisms spechurn, winch he characterizes as a humanoid 
living fossil. This very primitive creature, about tlie size of n rat, 
has an opposable thumb (11). 

Even a plantigiade mammal like a bear has some elementary 
powers of opposability We have observed a nine-year-old lioncy 
beai in the New York G;ntral Park zoo “manipulating" the stick 
of a lollypop which lie licked with almost human avidity and per¬ 
severance. In solving this mechanical problem lie assumed a supine 
and occasionally a scmi-sitting position He clasped the stick at 
times between his forepaws His picferred method of holding, 
however, was by superimposing his right palm upon the sole of his 
upturned left or liglit foot. Thus he held the stick, as witliin n 
damp, accomplishing the further adjustments to tlie candy knob 
by amusing postiual contortions of head, shoulder, and trunk Thumb 
opposition in combination with increased mobility of the forclimb 
reduces the necessity of such massive contortional motor coordina¬ 
tions It doubtless saves mechanical energy. 

Thumb opposition subscives the finer needs of manipulation It 
may be thought of as a moie delicate foim of opposability which 
by evolution was giaftcd into that remarkable system of levers 
which even a president of the British Association of Science has 
called “the most complete and perfect mechanical organ Nature 
has yet produced ” 
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Lest we be cRiricd away by this eulogium, the anatomist reminds 
VIS that the skeleton of this hand is amazingly like that of the 
ancient tortoise who foi millions of years swam the seas and walked 
the earth before the advent of man. The human hand remains "a 
strangely and almost shockingly piimitlve survival.” 

The thumb, howcvei, can claim a superior status among the 
digits, Even though “all thumbs*' is proverbially synonymous with 
awkwardness, the human thumb is the most highly prized member 
of the entire hand. Its special status is well reftected in piovisvons 
of workmen’s compensation acts such as the Connecticut Statute 
(5237 Revision 1930). This statute, having specified the com¬ 
pensation for disability, adds piovisions for additional compensation 
at n given rate in teims of weeks as follows* 


Loss of arm . , . 

, 

255 weeks 

Loss of band ... 

, 

175 weeks 

Loss of thumb 

. • . 

<)0 weeks 

Loss of forednger 

... . 

38 weeks 

Loss of middle finger 

., 

30 weeks 

Loss of fourth, finger 


25 weeks 

Loss of fifth finger 


20 weeks 


In the eyes of the law the digits assume increasing importance 
fiom the ulnar to the radial position. The loss of a single phalanx 
of the thumb is leckoned as half of the totd. loss, namely one-half 
of 60, or 30 weeks, the loss of a single phalanx of any other digit 
earns one-third of the compensation values assigned to that digit. 
For example, one-third of 30 weeks for the medius, or 10 weeks 
The law, therefore, regards the loss of a single phalanx of the thumb 
as about three times more serious than the phalanx of any other 
digit 

IL Anatomical Considerations 

The thumb is the shortest of the five digits, but it cuts the largest 
figure in moie than one sense. We have made the following demon¬ 
strations. The adult hand was bound in a broad splint The splint 
was then icsted pionately upon a table in sucli a way (see Figure 1) 
that all of the digits extended over the table edge to permit their 
unrestricted movement Each digit was surmounted with a stylus 
winch was made to record on a vertical surface The subject was 
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FlGURli I 

DrvicL roR Di.MONsrRAiiNo DioiiAi, Lircumbuction (Audit IUno) 

then mstiuctecl to dcsciibe an oval of ni.iMnniin si/e by urcuin- 
diiction of each digit Figuic 2 sliows the icsiilts of tins simple 
e\pciuncnt It will be icaciilv seen that the lluimh is tlie most 
mobile of all the digits. 



FIGURE 2 

Record or CiRcuviDucrioN Movfmsnts oi Digits of Adoit Riciir IIvnd, 
WITH Met,\cari-us Hcid PRov\r£ IN A rioiiri-v Bound Si’iint 
\S PlCrURkD IN FioURE 1 

The Tecordmg st>Uis extended two inches heyond the lip of the digit 
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The tiRCings ol the adult digits give a pielimuiary hint of the 
course of dcvclcpment of thumb movements in an infant In the 
caily stages these movements aie not undci voluntary contiol 
When they occur spontaneously they tend to dcsciibe back and forth 
aics and irregulai oi flattened ovals, somewhat compaiable to those 
of the mature conjoint digits Tiacings of typical excursions of the 
thumb at advancing ages, could they be seemed, would piovule an 
mtcrcsting graphic outline of the developmental piogrcssion which 
culminates in voluntaiy circumduction 

If in the adult c\peiime/it jvst dcsciibed the conditions of the 
test are equalized fot all the digits, and if the splint is widened to 
immobilize the thumb as well at the we/iiciu^o-plialangcal joint, 
then the scojic of ciicumduction by the thumb becomes ml. The 
action at that joint is that of a nicic lunge The pivotal langiness 
of the thumb is due to the mobility at the c/r;_^o-metacarpal joint 
Tlie distinctive tiait of thumb opposition is based upon this anato¬ 
mical fact The longest axis of stiaight flcxioii-extension movement 
in the thumb is in a hoiizontal plane; the longest axis of the asso¬ 
ciated digits (II, HI, IV, V) IS in a vertical plane 

These relationships peimit the volai suiface of the matiiied thumb 
to come by circumduction into full opposition to the coiiespondmg 
volai surface to each lemaimng digit, including minimus The op¬ 
position between the index finger and the thumb is of greatest prac¬ 
tical importance Thumb opposition m the fullest sense of the teira, 
howevei, is not attained until the cntiie gamut and full degree of 
opposnbility to all the associated digits has been achieved It will be 
convenient to designate these foui associated digits collectively as 
the “conjoint digits ” 

The common caipo-metacaipal joint of the conjoint digits has a 
single articular cavity which peiimts only slight movements In 
contiast, the carpo-metacaipal joint of the thumb is the most pio- 
nounced saddle joint in the body It has independent aiticulation 
with the trapezium Like all saddle joints it is biaxial The sur¬ 
faces being incongiuent, the movements about the two axes can be 
so combined that actual ciicumduction is possible The chief move¬ 
ments of the thumb arc abduction away fiom tJie index, adduction, 
and opposition, During opposition (which is an extiemc phase of 
circumduction) the concavity of the palm is greatly increased. 



THUMB OPPOSITION IN THE HUMAN INFANT 


343 


Minimus (Digit V} is richly supplied with muscles. Ordinary 
opposition is accomplished by coordinated action of six muscles, name¬ 
ly. Abductor poltcis brevis, Opponens pollici. Flexor pollici bievis> 
Digital ntn suhlhnts, Dtgitornni profnndts, Flexor brevis iudicis In 
the case of opposition between thumb and minimus, the Opponens 
dtgiti giiuiti and the Flexor digiit guinti and the Abductor diffUf 
qututt arc brought into play 

Although the present study is mainly concerned with the thumb, 
the very nature of thumb oppc^ition requires also some consideration 
of the index or forefinger. The specialization of the human index 
fingc: IS developmentally a fact of coordinate significance. Struc¬ 
turally this specialization consists in an unusual degree of stability 
in the metacarpal bone of this digit Functionally the specialization 
expresses itself in the last quarter of tlie first year of human infancy 
m characteristic piopensitics and patterns of poking and probing. 
In uifra-human species, thumb and index have been called the "toilet” 
digits. Yerkes might perhaps call them the "grooming” digits. In 
any event, these terms are good reminders of ancient chapters of 
prehistory 

The topographic and developmental anatomy of the infant thumb 
as compared with the thumb of the adult would repay more invcsti* 
gation than we have expended on the problem The following table of 

TABLE 1 

Comparative Measurements of Infant ano .Anuti Hands 

Girl infant hand Woman’s Infant. Adult ratio 
12 wks. S2 wks. iinnd at at 

cnn eras. ems 12 wks 52 wks 

Palmar length of hand 

wrist to medius 7 2 E 9 L 17 S 

R 17 5 2 13 1 96 

Volar length of medlus 3,2 40 L 75 

R 7 5 234 1 87 


Boy infant hand Man's Infant Adult ratio 
9 wks 49 wks hand nt at 

eras ems ems 9 wks 49 wks 


P.almar length of hand 

wrist to itiedius 7 5 9 6 L 20 0 2 66 2 08 

R 19 5 2 6 2,03 

Volnr length of meduis 3.3 41 L' 8 7 2 63 2 12 

R-8 + 2 54 2,04 
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measurements (Table I) should be borne m mind in appraising the 
ratio between the dimensions of the infant’s hand and the objects 
which he grasps in the experiments about to be reported. These 
objects include a cube and a ball 2 5 cm. in diameter, a larger ball, 
6.3 cm. in diameter, a pellet 7 mm. wide and a string 1 mm. thick. 

The infant’s hand at one year, it will be noted from the foregoing 
table, IS approximately one-half its adult size. The standard one- 
inch prehension cube wo^ld have to be replaced by a two-mch cube 
to establish the infantile size for the adult hand relationships. This 
would increase the weight from a quarter-ounce to a full ounce 

III, Previous Data on Thumb Opposition 

Since scientists, philosophers, and divines have all been interested 
in the phenomenon of thumb opposition, a lengthy bibliography could 
be compiled No attempt will be made to summarize the extensive 
literature It is full of unresolved problems arising partly out of 
the lack of a clear-cut definition of the act of thumb opposition. 

Says Wood-Jones “looking broadly at the mammals, we may say 
that the preservation and elaboration of the inherited mobility of 
the forelimb is an essential for the culmination of evolution” (11, 
pp 216-220, see also 12, pp. 197 If ). Does the same principle 
extend to the specialized mobility of the thumb? Osborn apparently 
thinks so for he says: 

We observe also in the chimpanzee a contrast between the 
grasping power of the big toe, which is a kind of thumb, and the 
lack of that power m the hand, in which the thumb is nearly 
useless; in nil apes this function is characteristic of the foot; 
in man, of the hand alone The opposable thumb, with Us 
power of bringing the thumb against each of the fingers, Is the 
one character which is lacking in every one of the anthropoid 
apes and which was early developed among the ancestors of 
man (S) 

Yerkes notes, however, that, in contrast with certain monkeys, the 
anthropoid apes “m finer grasping movements of fingers and toes 
are relatively unskillful” (H). 

Wood-Jones holds that the mere anatomical arrangement by which 
opposition may be produced among the digits is not a necessary part 
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of the cliaiactenstics of the primates, nor is it wholly within their 
phylum that it is displayed 

Some of the very thoroughly arboreal MacaupiaU have per¬ 
fected this arrangement, and moat of the Phnlnngers possess an 
opposable big toe Even development such as are seen in 
the Chameleon, among the Reptiles, and in the Parrots among 
tlic Birds, are hinted at in the hand of the Koah {Phasco 
latcius) in which the two inner digits tend to be scpantcil 
from and opposed to the outer three. Certain arboreal Rodents 
have developed very perfectly oppoanblc thumbs and the big 
toes upon lines exactly similar to the Primates, and thie 
feature is seen very beautifully in an arboreal mouse (Mt/j 
marffaretUe), discovered by Charles Hose In Borneo (12, pp 
67-69) 

The earlier observations of thumb opposition in the human were 
made in connection with the observations of individual children 
and must be sought m diaries of uifant development. For the most 
part these observations are Inadental Gesell (2) reports observa¬ 
tions in connection with normative studies. Gesell and Thompson 
(3, pp. 115, 116, 180-205) report more detailed and diversified 
data In the volume on Infant Behavior, Castner frequently refers 
to thumb leactions m his analytic study of pellet prehension (1). 
Direct attacks on the problem of thumb opposition were made by 
M C Jones (10) and by Halverson (6, 7), botli of whom present 
data showing the frequency of occurrence of this type of thumb pos¬ 
ture in grasping an inch cube. 

A review of this literature would reveal apparent contradictions 
and not a few uncertainties, arising out of obscure or over-simplified 
criteria for the behavior pattern called thumb opposition. 

IV. The Present Experimental Study 

Because of the scientific importance of the problem, it seemed 
desiiable to define more precisely the criteria of thumb opposition 
and to trace the course of its development. For this purpose we col¬ 
lected observations on seven boy infants and ten girl infants, com¬ 
parable m socio-economic status and general capacity to tlie subjects 
used in the Yale normative survey. The observations were limited to 
the prehensory reactions which were systematically recorded by 
l6-mm cinema film 
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At the early age levels the infants ■vvere observed m the supine as 
well as the sitting position Standard procedures were similar to 
those used in the normative ocamination. If the infant had not ac¬ 
quired the capacity for independent sitting, he was placed m a sup¬ 
portive cliaii. Otherwise he sat on the platform of a clinical crib, as 
described elsewhere (5). The infant is confronted with a table top 
resting on the side panels of the cnb. This examination table (table 
top) is marked with location points and lanes in order to control 
the spatial aspects of the procedure 
Four objects "were usually presented m the following order: rod, 
cube, ball, vtitical string, horizontal string. The string was pre¬ 
sented With the table top removed to peimit freedom of approach and 
manipulation The actual procedure may now be summarized in 
the present tense as follows; 

The examiner stands at the child's left at the head-end of the 
cnb and almost completely out of direct range of the child's 
vision The child is seated in the examining chair or on the 
platform, looking forward with hands in on unconstrained posi- 
sition. The examiner takes the cube out of the pocket of the 
container or out of his smock and, remaining m the background, 
he circuitously approaches the farther edge of the table top 
with the cube in hts hand. lie holds the cube in horizontal 
plane between the index finger and thumb and then brings it 
into the child's view. If the child ia not looking in the direc¬ 
tion of the object, the examiner waits for a favorable moment 
for the further presentation of the cube He then advances 
It in a horizontal plane obout two inches above the table top 
and places it noiselessly in (he standard median position He 
uses about two seconds to advance the cube from the table 
edge to this position. (The tips of his Bngera traverse the 
median plane ) He withdraws the hand promptly with moder¬ 
ate dispatch, avoiding sudden movements He remaina near 
the corner of the cnb so that the child may give undivided 
attention to the cube If the cube is not contacted by the 
infant, U Is left in position ten seconds. The exammet then 
advances It in a similar manner to the near median position. 

At appiopriate age levels the examiner inserted an object in the 
ulnar aspect of the infant's hand in order to determine acceptance 
for or resistance to the presentation All of the observations were 
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made in the photographic dome of the Yale Clinic of Child Develop¬ 
ment. Sixteen-millimeter motion picture records were made from 
a 45“ frontal position by means of a camera equipped with a four- 
inch lens The films^ weie later analyzed with the aid of a pro¬ 
jection desk. The major results of the analysis are compiled in 
subsequent tables. 

V Postures or Thump and Conjoint Digits 

Thumb and finger postures weie first analyzed m great detail. 
The classification of thumb postures listed in Tables 2 and 3 is 

TABLE 2 

PiGiTAL Postures in Grasping Cudb and Bail 


Thumb posture 

16 

20 

Age in weeks 

24 28 32 36 

44 

52 

Adducted back of object 

6 


1 





^mm 

Adducted front of object 

1 




_ 

__ 

_ 


Adducted vs adjacent surface of object 

23 

32 

21 

18 

6 

4 

1 

1 

Partly adducted, partly opposed 

1 


7 

5 

4 

3 


2 

Opposed 

— 

— 


11 

16 

22 

33 

29 

Fingers which hold object 

2, 3 

2 

4 

4 

n 

12 

8 

25 

17 

2, 3, 4 

5 

3 

9 

5 

3 

12 

7 

11 

2, 3, 4. 5 

7 

8 

6 

8 

6 

4 

1 

2 

2 



_ 


1 

2 


1 

3, 4 

2 

6 

4 

3 

2 

2 

1 

1 

3. 4, 5 

10 

7 

6 

6 

2 

1 

— 

_ 

4. 5 

4 

4 

— 

1 

— 

— 


— 

4 

1 

— 

— 


— 

•— 

—■ 

•— 


based on this analysis. A finer classification is possible but irrelevant 
for tlie purpose of this study. The items of tlic table arc to a con¬ 
siderable extent self-explanatory. Back of the object refers to the 
surface of the object which is most adjacent to the palm. The adja¬ 
cent surface is that face of the object which is exposed at the radial 
aspect of the closed hand. Flexed down outside parallel to lod refers 
to the thumb which is sharply flexed exterior to the finger tips with 
Its mesial edge against the rod or finger tips. The partly adducted 
and partly opposed thumb {semi-opposition) refers to this digit when 
it IS midway between simple adduction and full opposition. [In 

’’The authors have organized illustrative cinema records into a one- 
hundred-fifty-foot instructional reel 
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TABLE 3 

Digital Postures im Grasping Rod 


Thumb posture 

U 

20 

Age 

24 

in 

28 

weeks 

32 36 

44 

52 

Thumb behind rod 

Flexed into palm 

3 

— 

— 

— 

— 

_ 

— 


Resting on meduis or forefingei 

5 

4 

2 

3 

— 


— 

_ 

Thumb in front of rod 

Abductivc extension 

1 


1 

1 

2 


1 


Flexed into palm 

1 

1 

_ 

— 


— 

<— 

_ 

Resting on mediiis or forefinger 

2 

5 

S 

1 

1 

— 

1 

1 

Flexed down outside, parallel to rod 

3 

4 

1 

1 

1 

— 

— 

_ 

Partly adducted and partly opposed 

— 

1 

4 

6 

S 

I 

_ 

2 

Opposed volar thntnb vs dorsum of fingers 


— 

— 

6 

9 

17 

16 

15 

Fingers which hold object 

2. 3, 4, S 

2 

9 

10 

i 

15 

14 

16 

8 

2. 3 




1 

3 

1 

2 

$ 

2. 3,4 

— 

— 

— 

1 

— 

2 

— 

4 

2 

— 


1 



1 


1 

3. 4 

2 

1 

— 

4 

_ 


_ 


3, 4. 5 

9 

4 

2 

3 

— 

— 

— 


2, s 


_ 


1 

Pi** 




4, 5 


1 




_ 

__ 


3 

1 

_ 


_ 


_ 



2, 4. S 

1 

— 

— 

— 

— 

— 

— 

— 


adduction the volar aspect of the tlnimb forms an angle of 90“ with 
the palmar surface, whereas m direct opposition, the direction of the 
closure by the thumb forms practically a straight angle (180“) 
continuous with the diiection of closure by the opposing fingers.] 
For simplification the categories in Tables 2 and 3 are later reduced 
to three in forming Table 5. For example, from Table 2, Cube and 
Ball, the first three items fall under the general category Abduction 
or Adduction, From Tabic 3, the first six items aie included in 
this category. 

It will be noted that up to 28 weeks the thumb is most often 
found adducted against that portion of the ball or cube which is 
adjacent to the forefinger. At 24 weeks seven instances were found 
in which the thumb postures show some pivoting toward opposition. 
Opposition is not yet fully developed; the thumb does not completely 
circumrotate to a position on the object which bears directly against 
the pressure of the fingers. The thumb is still partly adducted to- 
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Wiird the radial aspect of the fingers This type of semi-opposition 
is found as late as 52 weeks. At 28 weeks umiplctc thumb opposi¬ 
tion makes a decisive appearance, increasing in frequency with cadi 
succeeding age up to 44 weeks Tliercaftci complete opposition is 
displayed almost univeisally in all grasping 
The course of development of thumb opposition in giasping the 
rod dii¥eis somcwliat fiom that of grasping the ball or cube The 
greater length and smaller diameter of the rod foiccs the thumb to 
assume postuies which do not appeal in the grasp of objects whose 
(liinensions aic moic tinifoini. In early grasping of the lod, the 
thumb often adducts to a position closely in line with the metacarpal 
of the fmefinger, which places the thumb hchiml the rod svith the 
fingcis Hence our laigci classification has tlic thumb behind or in 
front of the rod. If the tliuinb is behhid the totl, it cither flexes into 
the palm with the rod or lests on the radial aspect of the forefinger 
or meduis. The thumb m fiont of ike tod mav assume one of six 
postuies. It may extend abductively upward, parallel witli tlic rod, 
.sometimes resting against the rod; the thumb inny be flexed inside 
the palm with the rod; it may rest on the foicfingcr or mcdiuh; it 
may flex downward across the tips of the closed fingers, it may 
paitiall}' adduct and partially oppose the gripping fingers; or it may 
flatly oppose them Table 3 shows that after 28 weeks the thumb 
IS no longer found behind the rod Proximity to the forefinger is a 
cliniactcnscic of caily infancy 

Pcniianeiit pio\imity would prevent the thumb fiom assuming a 
useful role in prehension The tliuinb divorces itself fiom the forc- 
fingci in oidei that it may better cooperate with it The volar sur¬ 
faces of the digits arc Ihc ohjcct-contacting parts of the liand. In 
oidci that all of the raohilc parts may hettci apply tlienihclvcs to 
objects which they seek to pichend, it is necessary foi at least one 
digit to sqiiaic off .mil present its volar suifacc in opposition to the 
otlieis The thumb alone is equipped to perform this function 
From 24 weeks on it giaduallv takes upon itself the olficc of nicctuig 
the flexing force of the fingeis by a counter-balancing force so that 
the object may be held to best advantage To reach this degree of 
perfection, the thumb has to pass through successive developmental 
stages of pivoting until, depending on the spatial qualities of tlie 
object, It can fully meet the oppositional contingencies which arise in 




FIGURE 3 

Typicai Thumd Posturps Early Stages 
Two general types of prehensory posture mainly chaiactenstic of the 
first half year ot infancy are depicted I Pi c-pivolnl (iihliiitioii, II Pivoted 

addticltOH 

any specific prehensory act Examples of thumb posture m tvlncli 
partial opposition occurs appeal from 20 to 52 weeks, even though 
apposition—in the case of the lod—is well developed at 36 weeks 
In the case of the ball and cube, full opposition is not generally used 
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T 1 t 


FKJURb 4 

IWttM THUMR PoSTURPS. I.\I!R SiM.rs 
Two general types of prelieiisor\ posture mainly clinractenstic of the Inst 
half of the first year arc dcpictcil HI Mrsial opposihori, IV Alejjio-volar 
opposilion, V I’olai opfiosiltoii 

until 44 weeks T'hc .ippnicnt discrepancv ts clue pimeipallv to 
the relatively great diameter of the latter objects wdiich jne.ins tliat 
tile thumb must pivot in a grcatci .iic to ciitumscribe the object to 
the point \Yhcre opposition is best attained 
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Now when the fingers which are actively engaged in holding the 
object me coiisidejcd, a hiigei numbei of peculiai fingei combina¬ 
tions aie found to occui with the rod than with the other objects 
In gencial, the ulnm fingeis play a prominent role in early grasping 
while the ladial fingeis assume incieasmg impoitauce in later grasp¬ 
ing In the case of the lod, the use of all fingeis is common at all 
ages because its relatively great length makes holding by two or 
tfiree fingeis piecaiioiis. While instances of the use of all the fingers 
aic found at all ages in the case of the cube, there is diminution 
in the ficqucncy of tlicii use The inciease in the use of the ladial 
fingers, 2, 3, and 4, fiom 32 weeks to 52 weeks, moreovei, shows 
that wliilc tlie ulnai fingeis aic applied to objects, they play a sub 
ordinate lole in the grasping activity. 

Illustrations of the five developmental postmes of the thumb on 
the ball, as indicated ui Tabic 2, aic shown in figures 3 and 4 The 
eiglit thumb postures with the lod, winch are diffeientiated in Table 
3, aic also pictuicd in Figures 3 and 4. 

VI The Ulnar-Radial Shift 

In the ontogenesis of piehension theie is not only a pioximal- 
distal tiend but thcie is an ulnai-iadial shift This shift is closely 
bound up with the specific act of thumb opposition 

We have alicadv mentioned a simple procedure by winch the evi¬ 
dence of ulnar oi radial piefeiencc was elicited and lecoidcd by 
cinema Among othci objects a ball was inseiLed fiist m the ulnar 
and tlien in tlic ladial region of the palm. This test biought out 
intciesting diffeiential responses which aic summarized m the table 
below 

Tlie table below shows an incicasing picfcience foi ladial as op¬ 
posed to ulnar tactile stimulation. The picfcicncc is especially 
marked after 28 weeks The devclopnLcnul shift from ulnar to 
radial giasp is so stiong that the infant often displays a well-defined 
intolerance, as well as a motor rejection, of the ulnar insertion even 
though such insertion was quite acceptable to him at earlier age 
levels. His resistance is emotionally coloied 

In the giasp leflcx which is so prominent in. the neonatal period 
It is the ulnar side of the hand which chiefly functions The motor 
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TABLE 4 

DirrERRNTlM RESPONSE9 TO A BALI- WtlBN PRkSPNTEB \N TJIE UlKAR AND THE 

RADtAi Aspects of tub Paim 


(A 

& 

d 

r. 

u 

bC 

Ulnar 

* ^ 
a - 

U T} 

u « 
y « 
< ^ 

1 ^ 
Accepts “ 

1 delay ? 

o 

s 

Q 

M 

m 

o 

V 

41 

Radial inserlion 

2 -2 tw ^ 

S'-o S*.!! 2 

«J H < « 

S' 

8 



t 




1 


12 

2 




1 




16 

6 




3 

1 

2 


20 

2 

2 


1 

1 

2 

1 


7A 

3 

1 


1 

4 




28 

3 


2 


6 




32 



2 

1 

6 




36 



1 

1 

6 




4+ 



I 


6 




S2 



2 


6 




enervation of 

tiic ulnar 

digits 

is immature 

Tlie 

grasp 

reflex IS 


piobably tnediated by subcortical centers. With the growth of the 
intrinsic musculature of the hand this grasp response wanes; ulnar 
fiction and tliuinb opposition make their appearance, increasing 
steadily with the progressive maturation of the neural structures 
which penetrate the tendons and muscle systems of Digits I and II. 
Somewhat /igurntivcly this whole process of ulnar organization 
may be described as one of gradual “emancipation.” 

In early infancy up to eight weeks, the digits characteristically are 
closely flexed, At 12 and 16 weeks Swan found some “individua¬ 
tion" of thumb, forefinger, and little finger, manifested in increas- 
iiigly prolonged extension and scmi-extcnsion. 

The IndWuluaiiDn of tWe digits followed a tempoial pntleTii 
. The index indivtJuiitcd first nt 4 weeks, nnd showed a 
gradual increase tn differentiation through \C weeks, after 
which time dIffercntSniion became more rapid so that b; 24 
weeks the indet Tcmaintd semi-cxtcnded 9S per cent of the 
time The thumb began to individuate at about eight weeks 
It showed a slower, more gradual emancipation. . . (9) 

This individuation, noted in the quiescent hand, is simply one aspect 
of a complex but integrated developmental process which embraces 
both the gross and the refined components of postural adjustment. 
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The whole process is a gradual one which indeed begins in nteio, 
but 28 weeks may be regarded as the critical age when the vertical 
attitude oi the hand prior to grasp begins to give way to a hoiizontal 
orientntion and a correlated predominance of the radial digits. 

The vertical attitude of the prehending hand may be thought of 
as a persisting residual of the closmg-in type of approach which is so 
characteristic of both the supine and the sedentary infant at 16 and 
at 20 weeks Sucli "clobing in,” when bilateral, results in opposition 
of the palms. The horizontal attitude in approach is correlated with 
unilaterality and Is a natural condition of elementary thumb oppo¬ 
sition. As the thumb opposition becomes* more advanced, the rota¬ 
tion of the plane of the palm continues and the palm assumes an 
oblique, evejted attitude still further removed from its more primi¬ 
tive orientation. This tilting of the hand just prior to fine grasping 
is part and parcel of the function of thumb opposition. 

Vni. Types and Dborbbs op Thumb Opposition 

The criterion of perfect thumb opposition is the capacity to bring 
the volar pad of the thumb completely against the corresponding 
pad of every other digit. Such “perfect” opposition is often lacking 
even in the adult who usually succeeds in bringing the thumb pad 
against only the mesial aspect of the volar pad of the mmimus. The 
system of levers in his hand is too inflexible to permit full approxima¬ 
tion. This difficulty suggests that the infant comes by the power 
of thumb opposition by gradual degrees. 

And such is the case. This accounts for the varying ages assigned 
by different writers to the appearance of thumb opposition. Thumb 
opposition does not emerge suddenly, must be desciibed m rela¬ 
tive terms, and assumes specific variations adapted to the form and 
dimensions of the object grasped. 

Accordingly we find that “the rate of development," that is the 
frequency of thumb opposition, is different for rigid than for non- 
rigid objects At all age levels from 24- through 56 weeks, the per¬ 
centage of occurrences of opposition grasp was much less for the 
string than for the ball, cube, or rod. The accompanying graph 
(Figure 5) summarizes the differences. From 24 to 28 weeks the 
frequency of thumb opposition in grasp of ball, cube, and rod is 
about twice that observed m prehension of the string In fact. 
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PtKtNTHE INaOeNCe of thumo opfosition in 
MO tO ANO NON-Rmo OOJeCTS 

FIGURE 5 

Percentile Incidcncb of Thumb Opposition in Grasping Rigid and 
Nom-Rigid Objects 

thumb opposition is farther advanced for rigid objects at 32 weeks 
tlian for the string at 52 weeks. 

For similar reasons the manifestation of thumb opposition varies 
with the size of tlic object, and also with the relative position of the 
object just prior to grasp It will be desirable, therefore, to classify 
the degree and mode of opposition in terms of a standard object like 
a cube, or ball, of stated size. 

Thumb opposition proved to be not a hard and fast pattern, but 
a variable mode of preliensory adaption. Ordinarily the thumb is 
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circum-adduttcd in tlie direction oi the index; however, the index 
may also be brought against or toward the thumb, and each may 
flex independently of the other 

In a preliminary plme of oui study we adopted a simple classifica¬ 
tion of thumb postures .and confined the discussion mainly to objects 
of stnndaid shape and size, namely, ball, cube, and rod. These ob 
jeets were presented in accordance with standard procedures else- 
where described. For these objects there is consider.ible regularity 
in the frequency of tliiec types of thumb posture, n.^mcly. 

1. Simple adduction of the thumb. 

2 Patiial opposiiioH m which the thumb partly adducts, partly 
opposes, the vol.ar pad is m-arglnally or mcsially applied against the 
presenting surface of tlic object. 

3 O^forition in which the volar pad is squarely applied to the 
presenting surface of the object. 

Cinematicallv observed, the classification of any individual thumb 
posture can be made without difficulty 

The accompanying table (Table 5) disliibutcs the thumb postures 
on the basis of three categories, as observed in gra'sping the ball, 
cube, and rod at lunar month intervals throughout the fiist year of 
life To permit comparison, the last column carries figures for 
grasp cf tlifl stung in both horizontal and vertical alignment 

The frequencies of thumb postuics expressed in combined per 
centages for ball, cube, and rod aic tabulated below (Table 6) 

The digital leactions to ball, cube, .and rod furnish the best clue 
to the ontogenesis of thumb ojiposition The percentage frequencies 


TABLE 6 

COMDINED iNCinCHCE OF TlIUMD RFACTIONS TO DILI, CUBE, AND ROD 
(Botfi absolute and percentage iiicideacc indic.ile(I) 


Thumb posture 

16 

20 

24 

Age m 
2$ 

weeks 

32 

36 

44 

52 

(<i) Adduction or 

abduction 

45 

46 

31 

24 

IQ 

4 

3 

2 


9S% 

98% 

75% 

46% 

23% 

8 5% 

6% 

4% 

(If) P.irtial adduction 

and partial opposition 

I 

1 

11 

II 

9 

4 

0 

4 

2% 

2% 

25% 

21% 

207o 

8 5% 

— 

8% 

(r) Full opposition 

— 

— 


17 

25 

39 

49 

44 

■ 

— 

— 

— 

33% 

57% 

83% 

94% 

98% 
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PSRCtNTASF RRCQUCNCy OF (fl) TMiJMB ADDUCTION, 
Je) partial opposition, and (c) full opposition 


FIGURE 6 

pBRCBNTACB FrBCJUBNCY OF (tf) ThPMD AdPUCTION, {*) PARTIAL 
Opposition, ahd (c) Full Opposition 


of the three major modes of prehension (a) thumb adduction, (i) 
partial opposition, and (c) full opposition arc plotted m the accom¬ 
panying graph (Figure 6). This graph summarizes the significant de¬ 
velopmental trends. It clearly shows that the age zone from 24 
weeks through 32 weeks is the transitional period when thumb opposi¬ 
tion IS becoming established Prior to 20 weeks not a single in¬ 
stance of true thumb opposition was found; at 24 weeks there is no 
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fuU thumb opposition but 28 per cent of the grasps show partial 
opposition. Adduction is really universal up to 20 weeks and per¬ 
sists m almost half the cases at 28 weeks. Partial opposition at¬ 
tains Its maximum frequency at 24 weeks and there arc instances 
of its occurrence as late as 52 weeks. Twenty-eight weeks marks 
the developmental turning point, for at that age adduction and op¬ 
position occur with almost equal frequency. At 36 weeks 82 per 
cent of the infants showed tliutnb opposition. The degree and the 
deftness of opposahillty continue to increase throughout the first 
year of life. 

IX. General Conclusions 

1 The course of development of the functioning of the thumb 
in giasping is from simple adduction, in which the digit parallels 
the mctacarpals of the forefinger, to opposition, m which the thumb 
pivots to bring its distal volar pad to bear directly on the volar aspect 
of the other fingers. 

2 This development is closely correlated witli a general shift of 
functional predominance m which the radial digits replace the ulnar 
in grasping. 

3. This developmental shift operates to the advantage of thumb 
opposition because the digits which most easily function in this 
type of grasping are the rad»l fingers. 

4. In adduction the thumb may assume one of several postures, 
depending largely on the form of the object and on the position of 
the object in hand. 

5. The form (and size) of the object to a large extent determines 
specific thumb postures. Nevertheless, the function of thumb op¬ 
position consists in bunging into approximation the planes of the 
volar pads. This is the criterion for true opposition. 

6. The typical developmental progression in the attainment and 
perfection of thumb opposition can be outlined in the following 
categories which are illustrated in the accompanying photographs 
(Figures 3 and 4): 

I. Pre-pivotal adduction (approximate age range 0-16 weeks). 
A slight degree of adduction in which the thumb closely corresponds 
to tiiat of the metacarpus of the conjoint digits. 

II Pivoted adduction (approximate age range 16-28 weeks) 
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The thumb now diverges irom the conjoint metacarpus with a widen¬ 
ing of the thenar crotch. A nascent stage of circumduction, de¬ 
pendent on the carpo-metacarpal articulation, which undergoes pro¬ 
gressive topographic changes throughout infancy. 

III. Mesial oppasition (approximate age range 16-28 weeks). 
A slight degree of circumduction in which the thumb opposes by 
its mesial aspect. 

IV Mesio-volar opposition (approximate age range 24-36 
weeks), By more advanced circumduction the opposing thumb 
presents partly a mesial and partly a volar aspect 

V. Polar opposition (approximate age rAtige 32-52 weeks), 
Complete circumduction m which the volar aspect of the thumb is 
brought into full counteraction against an object or against an op¬ 
posing volar pad. 

The infant does not adopt any single method of prehension to 
the e^tcluslon of other methods, and the age 2 ones m which the five 
foregoing categories are displayed overlap. Nevertheless, there is a 
central developmental trend which is reflected in these sequences 
derived from an analysis of systetnatic cinema records 
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A CHIMPANZEE FAMILY*^ 

From Ynle Labfiratmes 0 / Frimate Btology 


Robert M. Ylrkes 


Knowledge of the chimpanzee family in fieedom is meager and 
of little value to the student of social behavior The observations 
now to be reported and the literature cited refer exclusively to cap¬ 
tive individuals. Since its establishment in 1930 the breeding colony 
of chimpanzees maintained by Yale University at Orange Park, 
Florida, lias offered increasingly varied and favorable opportunities 
for the study of social phenomena In the eaily years of the colony 
pregnant females were isolated, with intent to minimize the ihk of 
reproductive accidents. But after the possibility of normal repro¬ 
duction liad been sufficiently demonstiated and several infants made 
available for immediate local use, certain social experiments were 
arranged. Of tlicse, the first type is the association of two pregnant 
females, the second, an association of consorts which later became 
parents and infant 


^Accepted foe piiblicadon by Carl Murchison of the Editorial Board and 
received in the Editorial Omce, January 6, 193^ 

'Acknowledgment is made of the aasiatance of the Committee for Research 
In FrobUma of Sex, National Research Council 
This IS one of a series of preliminary reports on such forms or aspects 
of Bocial behavior in chimpanzee as grooming, suggestibility, avoidance, and 
sexual, parental, and famihal relations The studies are avowedly ex¬ 
ploratory and preparatory to an attempt to apply experimental method to 
problems of primate social life. The following papers have appeared or 
are in press. 

Bingham, Harold C, Parental play of ch^mpan^eea J. Mnmmal, 1927, 
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YBRkHS, Rodert M. Genetic aspects of grooming, n socially important 
primate behavior pattern, J. Soc Psychol, 1933, 4, 3-25 

- SuggeatibiUty In chimpanzee, J Soc. Psychol, 1934, 6, 271-222 

Tomiun, Michael I., & Yerkus, Roqfrt M Chimpanzee twins behavioral 
relations nnd development. J. Genet Psychol, 193S, 46, 239-263 
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chimpanzee, 7, Comf, Psychol, 193S, 20, 321-359 
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Spence, Kenneth W Response of chimpanzee mothers to infants fol¬ 
lowing Separation J Psychol (m press) 
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Our mature females Wendy and Josie, and suliscquently their 
infants, constituted tlie first eYperimental group m our approach to 
the study of familial relations. They were known to be intimately 
acquainted and friendly When placed together m quarters for this 
particular experiment Wendy was in her first pregnancy, Josie in 
her second, having previously su^ered a miscarriage in the sevcntli 
lunar month.^ Wendy and Josie were wholly peaceable and con¬ 
genial throughout their period of companionship, although Wendy 
tended to dominate Josie and would compel her to surrender food 
on occasion Wendy's baby was born about three weeks before 
Josie's. So far as appears from our records, neither reproductive 
processes nor infant care were unfnvoiafaly affected by the social 
environment. The mothcis cared each for her own infant during 
the latter’s period of helplessness and each resented and thwarted any 
attempt on the part of the other to touch or in any way to minister 
to her infant. From the first, proprietary rights were recognized 
and as a rule respected. Neither during parturition nor subsequently 
did evidence of interference or undesired and unsolicited mutual aid 
appear After the infants, both of which were males, had achieved a 
considerable degree of independence of their mothers and were able 
to climb and run about freely and skillfully, social relations in the 
group became more complex and less stable. Disagreements began 
to appear. The first quarrel to be recorded which involved all four 
individuals was observed by Doctors Spence and Spragg when the 
infants were nearly a year old As briefly reported, the two babies 
became rough in their play and presently began to fight. One of 
them screamed. Instantly their mothers rushed to them, took their 
respective infants, and exchanged several blows The melee was 
lively but of short duration, and although excitement was intense no 
one was visibly injured. 


Tor some weeks prior to impregnation these two females hod been caged 
with another fem.ilc, Mimi, and the mature mnle Bill This group w.i8 en¬ 
tirely harmonious Wendy and Josie were continued together, with two 
brief interruptions, through the gestational period, parturition, and untii 
their infants had been taken from them for weaning at about one year of 
age Von Allesch (Bencht uber die drci enten Lebensmonale ernes Schim- 
pansen, Sitaber. preuss Akad Wiss Berlin, 1921, p. 679 IT) has described 
the behavior of a group of chimpanzees in the Berlin Zoological Garden 
which included .i mother and infant 
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There is no reason to infci from our data that infant growth and 
development proceeded less advantageously because of the presence ol 
a second mother and infant. On tlie contrary it would appear that 
the welfare of all members of the social group was enhanced by the 
Increased diversion and recreation which resulted from social stimula¬ 
tion. In our opinion the social environment was the more nearly 
natural, normal, and functionally adequate by reason of the presence 
of the additional female and her infant 

Our second experiment consisted m leaving the male consort with 
his female following impregnation and throughout gestation, parturi¬ 
tion, And the first fifteen weeks of infant-nursing This famtly group 
eventually svas constituted by the male Pan, the female Nana, and 
theit male infant Don, 

Pan {Pan saiyruf iaiyjus)^^ an exceptionally robust and energetic 
male, lias been used experimentally in these laboratoiies for ten 
years. He is stocky, of mediuni size, with dark biown skin and 
rusty brown to gray hair. His hypothetical birth-date is 1922, his 
source the Cameroons. Although rated as relatively dull he is very 
good tempered, friendly, cooperative, and dependable 

Nana {Pan satynts verns) was brought to the colony m 1930 from 
French Guinea. Her hypothetical birth-date is 1921. Physically 
and beliaviorally she dif?eri extremely from Pan, for she is relatively 
small, slender, jet black as to skin and coat, shy, timid, gentle, and 
affectionate. 

Early in their acquaintance (1930) Pan occasionally was rough 
m his treatment of Nana when they were temporarily brought to¬ 
gether for mating. Probably sexual excitement and the strangeness 
of the female were responsible for this behavior Nana never tried 
to defend herself. Subsequently, aftet they had been caged near one 
another and liad several times been together, the pair became friendly 
and they now (1935) are obviously affectively attached to one 
another. 

Following impregnation of Nana by Pan in September, 1933, it 
seemed wholly safe to leave them together throughout the reproduc¬ 
tive process in order that we might observe especially the behavior 
of the male as member of the family group This was Nana’s 


'‘Accotdmg to Schwarz, Am. Maa Nainml Htsfory, 193+, 13 , p. 576, 
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second picgnancy, hci hrst luvin^ Stptcmbci 

21, 1932, and separated fiom her f«i c\pcrinu*nt.d use in T"5'<^, 1931 
Immediately thereafter she was plated in the taj^c with Van and 
left with him 

Tlie iclationsi of these consorts continued to he aimL.ible L]ir<nif;li- 
<iut the period of tile evpciiment Mutual giooniinn, ivlncli onlinanlv 
indicates congeniality, Avas fieeinciuh ohseivcd On August 5, 19 U, 
Doctor James H. Eldci of the st-aff iccouleti in oui life-lnstorv' 
files “Pan and Nana aie ccitainlv the most aflcctionate pair of 
adult clmnpanvces I have ohscivcti It is seUliuu that one comes to 
greet an attendant without the othci This wuMiung, when making 
observations of sexual siatus, 1 found them lying on the flooi gioom' 
ing cadi othci Jily calls did not dislinb them for sunic tunc Wlien 
Nana finally arose Pan giiispcd hci gcntlv with a foot ami lit’gaii to 
clean iier eyes and face” The wntci with mcicasing frciiucncy in 
the past tlnec ycais lias ohseivcd in this pan hcliaiior clcarlv indica¬ 
tive of mutual attachment and considciatcncss 

Copulation was not ohseivcd (luring the gestational period 'Plus 
is not an assertion that it ncvci occuiiul, althougli that is the pre* 
sumplioii In tills lespeet oui ohseivations contiailiu those reported 
by Montane, 'I'mklepaugli, and Schultz anil Snvilci ■* Quite cm- 
dcntlv the sexual iclationship is vaiiahle, piesuinahlv due ehicflv to 
the cliaiactcnstics of the male, Iik age and developmental status, 
and the degicc of familiaiity ami the sticngth of the social bond 
between Hie consorts. 

Parturition, which was not ohscrvcil, is kmmn to have occuned 
about eight o'clock tlic inoining of Mav 2, 1934. At the tune tlie 
consorts weie tngcthei in their small shelter loom. When a few 
minutes latci they wcic adnutlcd by an attendant to the adjoining 
open-air cage the infant Dim Mas discoveu'd. At 8 20 a m . father, 
mother, and infant avcjc caicfuUv ohseivcd in the cage, .uid llierc- 
aftcr during the dav vcihal and photogiapluc lecords of then social 

‘MONrAm, Louis Un chiiii|i.iiiLe Cuhaiui /./ Siffla, llniaiia, ISIS, 20, 
p n 

TlNKl Cl’AU(,ll| 0 L Scs cycles atul oilier cvclic iihenumcna in a chmi- 
p.iiizcc during .'idolesicncc, maiunly, and pregnnncv J Aforp/iol, 
1933, 64, p 535 

SCHuiT/, A H, & Snider, F F Oliscrvaooiis on rcprudiictioii in the 
chimpanzee Jofinj Hopkins liospihii, 1935, 67, p 197 
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FIGURE \ 

Upper 

Pan (right) and Nana, with itifflnt Don clinging to hei, shortly after his 
hirtli» May 2, She is cleaning him while Pan watches placidlv. The 

(imhilicnl cord is still present 

Lower 

The family (Fan, Nana, and Don) about six weeks after the birth of Don. 
Nana is grooming her consort 
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beliavior and relations were made at intervals, The photographic 
records, reproduced heiewith, importantly supplement the following 
summary verbal description 

When the tno was first observed the mother was intent on her 
care of infant and self, while the father was quiet, calm, and seem¬ 
ingly Interested in the infant and in Nana's actions Upon the 
wiiter Pan's behavior at this time made vivid impression of placid, 
fnendlv intcicst He appeared ready and eager to help if oppor¬ 
tunity offeied, but even to us human observers it was entirely clear 
that Nana neitlier desired nor needed his assistance. Wc doubt 
tliat she would have tolerated it For some hours after the birth 
of Don, Pan was unusually quiet, and he was not observed to molest 
cither mother oi infant. On the basis of this favorable rclatioiislup, 
It was iramcdiatclv decided to keep the three animals together m the 
hope of establishing a congenial and cooperative, if not also a natural, 
family group 

On May 7 the group was moved from its restricted livmgroom- 
cage quarters to a more spacious fenced open-nir enclosure with a 
roofed shelter building and sleeping-box The writer on June 1, 
1934, entered the following in the bfe-history records of the indi¬ 
viduals: "Pan, Nana, and Don have been living together contentedly 
without disturbance in the Enclosure. Pan does not interfere with 
Nana and the baby, t have not happened to see him giving atten¬ 
tion to Don, This is a convincing demonstration of the possibility 
of housing a family group of chimpaniccs together. It opens the way 
for experimental studies m social behavior which heretofore have 
been impossible." 

Nana, quite commonly in the ensuing weeks, avoided Pan as if 
in fear of him When called to tlic side of the Enclosure to be 
observed, fed, or petted, she would not approach if Pan did or if 
he was near at hand Much of the time she sat, with Don clinging 
to her, on the timbers of the shelter building in the shade of its roof 
That this behavior was due to the hostility of the male might 
naturally be inferred were it not for the following facts, which are 
well established by our observations 

As a rule the female chimpanzee with young is suspicious and 
cautious, constantly protecting her charge from the aggression of 
other organisms, and also from exposure to direct sunlight. The 
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male of the species is potentially very dangerous to the female with 
young, both before and after parturition,® and it has been discovered 
in these laboratories that the temperature-regulating mechanism of 
the infant chimpanzee for several weeks after birth is inadequate 
to protect it from the initirious effects of over-exposure to sun¬ 
light ® If Nana had acted as if fearless of lier consort and had 
ignored the sun, her infant probably would have been injured. 

We are making our observations available at this time because 
there is a prevalent superstition, from which we have not been im¬ 
mune, that the male chimpanzee under the spatial limitations of 
captivity may, either by mtent or inadvertently during spells of 
excitement, injure his pregnant consort or their infant. Conse¬ 
quently it has been common practice to isolate females known to be 
pregnant. We have scrutinized the few and meager accounts of 
births in captivity to discover whctlicr support exists for this assump¬ 
tion of hostility on the part of the male. In not a single instance 
of the few known to us^ where the male was present either just 
before or also during parturition is there indication that he m any 
way interfered with the birth process or disturbed cither mother or 
infant thereafter. The suspicion that the cliimpanzee as male parent 
may on occasion destroy lus offspring at present lacks observational 
support That he is potentially dangerous, we already have asserted. 
In the future we shall in this establishment act in accordance with 
Qu\ expetimcntal needs, leaving tKe comotts together when it U 
essential To be sure it is only reasonable to assume that the two 
animals shall in advance be known as intimntelv acquainted, wholly 
accustomed to being together, and friendly, for to bring relative 
strangers together, even though they had previously mated success¬ 
fully, would be inexcusably rash, save as crucial experiment. 

•In certain important aspects these interpretative statements are sup¬ 
ported bv the observations of Bingham [op «/} on behavior of a chim¬ 
panzee family in Cuba which consisted of father, mother, and an infant in 
its Second year 

•JACODSEU, CARIVLE V, JACOUSEN, MaMON M, & YoSHIOKA, JOSEPH G 
Pevelooment of an infant chimpanzee during her first year, ComP. 
Psychol Monog., 1>3Z, 9, 1, p. 22 ff 

BRuhn, John M,, & Haslerud, Oeokqr M, UnpubhahetJ observations 

’Blair, W. Reid Notes on the birth of a chimpanzee Bull, N Y Zool 
Sot., 1920, 23, 104-ni 

Fox Herbert The birth of two anthropoid apes. J Mammal, 1929, 
10, 37-51, 
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There is no evidence in our observations or m the literature that 
the father chimpanzee aids in the care of liis offspring during the 
months of its dependence upon the mother. Later, however, and 
especially after the infant has achieved locomotor independence, tlie 
male parent may amuse, protect, and defend it as occasion arises.® 

SUMafARY 

The principal points in this naturalistic study of a captive chim* 
panzee family may thus be restated. 

During early acquaintance of tbe consorts tlie male sometimes was 
rough and hostile toward his fcmnle; she, protective, timid, never 
defensive. Later mutual friendliness developed and the male was 
consistently gentle and considerate toward this particular female 
Finally, during the period of familial relations and subsequently, 
manifestations of affection and devotion, particularly by the male, 
were observed. Mutual grooming was common, as well as physical 
attentions which may be designated as petting. 

Sexual intercourse was not observed during the gestational period, 
nor during lactation to the date of separation of mother and infant 
from the father. At this time, nearly four months after parturition, 
the female sexual cycle, with its characteristic features of menstrual 
bleeding, genital swelling, .ind ovulation, had not been reestablished. 

The male was an interested, passive drserver of the parturitional 
process and of the newly born infant He in no way interfered with, 
or aided in, mateinal care, but instead w.as gentle, friendly, and 
cooperative toward the members of Ins family The motlier was 
continuously protective of infant and self, trusting neither her con¬ 
sort nor human males wbo appro.iched her and her charge. The 
male seemingly accepted this attitude as a matter of course and 
without sign of resentment. Familial relations, like the relations 
of the consorts prior to the birth of the inhuit, appeared to be favor¬ 
able to the health and contentment of the parents and to tlie develop¬ 
ment of the infant. Wc eventually characterized them as natural 
and normal. It is our surmise that this particular family, save in it» 
limitation to a single female and a single offspring, more nearly 
represents the typical familial relations of the species m freedom 
than does any other of the descriptions available m the literature. 

*See Bingham {op. tit) for confirmation 
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THE FUNCTION OF JACOBSON’S ORGAN 
IN LIZARDS’ 

From the Laboratory of Experimental Biology, American Museum of 
Natural History 


G. K Noble and K. F. Kumpf 


Jacobson's organ, lying in the roof of the mouth of most terres¬ 
trial vertebrates, has been a structure of problematic functions for 
many years. In spite of recent studies on the structure of this organ 
m mammals, its function is still a matter of dispute (Lautenschlagcr, 
4) On the other haiid> recent expciiments with snakes, where the 
oignn IS very well developed, have seemed to show cle.uly that its 
important function is in trail finding. It is well known that snakes 
ficqucntly Ricker their tongues in following a trail. Observations 
and experiments of Baumann (1) and Kahmann (2, 3) seem to 
show that the tongue on these occasions is thrust beyond the mouth 
for the purpose of picking up odors in the air The forked lips of 
the tongue carried back into the mouth arc thrust upward into the 
ducts leading from the pniicd Jacobson’s organ Minute particles 
of substances adhering to the tongue or dissolved in the saliva which 
keeps it moist are carried in this way directly to Jacobson’s organ 
which may be considered an accessory organ of smell. 

Kallmann (2, 3) made a few obscivations on lizards, wliich as a 
group may be considered more primitive than snakes and hence might 
be expected to show a less specialized behavior In many lizards the 
tongue IS long, bifid, and is flickered in the manner of snakes while 
the animals move about It was in these forms that Kallmann as¬ 
sumed that Jacobson’s organ had the same function as in snakes 
Unfortunately he has presented very little experimental evidence to 
support his thesis in this group. In view of the uncertainty as to the 
function of the organ m other gioups of vertebrates it has seemed 
advisable to secure further information as to the function of the or¬ 
gan among tlie lizards which, although not directly ancestral to 

•Accepted for publication by C J Warden of the Editorial Board and 
received in the Editorial OSice, December 10, 1914. 
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mammals, are at least nearer the mam line of evolution than are 
the snakes 

Feeding Reactions of Lizards 

There are many lizards provided with a short, broad tongue which 
is rarely thrust out of the mouth during locomotion. Among these 
forms IS the common fence lizard, Scefo^orus imdulatnsj which ac¬ 
cording to our expeiience will feed only on living food visible to the 
animal. Other iguamds, such as Leiocephalus tnagme, may be 
readily trained to take a mixture of meat and eggs from dishes. 
However, we have never succeeded in inducing either of these igu- 
anids to find food hidden under the gravel of their cages Seven 
trials with 88 L tnaguae were run without a single success. Five 
tests with 50 blindfolded individuals of the same species also gave 
negative results. In striking contrast the teiid lizards available to 
us in series rarely failed in exactly the same tests. Pieces of cotton 
saturated with a solution of meat juice and egg were buried to a 
depth of appioximatelv one centimeter below the flooi giavel. Al¬ 
though Leiocephalus frequently buries itself in the gravel and in¬ 
variably retires there in the evening if it is cool, none was attracted 
by the hidden baits. On the other hand, both Arnewa exsul and 
Tupinambis nlgi opunctatus were invariably successful if hungry and 
the conditions of light and temperature were adequate. These teiids, 
unlike the iguanids, have a long, bifid tongue which they frequently 
flicker. In view of the observations of Kahmann, it would be as¬ 
sumed that they were depending primarily on the tongue-Jacobson’s 
organ mechanism in finding their food. 

It may be noted, however, that these tend lizaids have the prac¬ 
tice of constantly digging and scratching the gravel when hunting 
for food. Some buried food would be turned up accidentally dur¬ 
ing these operations It was not clear from daily observations what 
role the various sense organs played in food finding. We have there¬ 
fore earned forward a series of experiments on both Tupinambis 
mgropunctains and Aineiva exsul Only the latter, which were the 
more complete, need be reported here. 

Materials and Methods 

In our experiments with Amewa exsul we have restricted ourselves 
to a single senes of individuals collected in the vicinity of Bayamon, 
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Potto Rico Tlic lizards were kept in ca^cs measuring 40.5 x 63.5 x 

49 cms., provided with glass sides, and a screen top. Clean gravel 
to a depth of 2 cnis. covered the bottom of each cage. The lizards 
were never fed during the period of obseivation. Three to eight liz¬ 
ards were employed in each trial and these were repeated until over 

50 individuals had been run through each type of experiment. The 
trials were made only on bright days Between certain temperature 
limits sunshine increases the activity of the lizards and hence the 
tests were made only on days when the controls exhibited an average 
activity. Each trial was limited to a two-hour period. If at the 
end of that time the lizards had faded to find the hidden food theit 
performance was considered a failure. 

The hidden bait consisted of two or thicc pieces of cotton, a centi¬ 
meter in diameter, saturated with an extract of beef juice and egg, 
or with a mixture of tomato juice and cod-livcr oil. In a few cases 
meal worms were employed as a supplementary bait. The senes of 
liznidb had been fed for several weeks previous to the experiment 
on an egg-meat diet supplemented once a week by the tomato juice 
and cod-liver oil and occasstonally by meal worms. Hence the ex¬ 
periments were designed to test the ability of these lizards to find the 
food to which they had previously become accustomed. 

The baits were buried under the gravel of the cage and entirely 
concealed from view. After each trial the position of the bait was 
changed in order to prevent Icnincd motor habits from influencing 
the result. At frequent intcivah the gravel was entirely replaced 
by fresh gravel in order to prevent food particles adhering to the 
gravel from modifying the results. 

Eleven different types of operations were performed on tlic lizards 
before they were tested. In the simplest experiment the lizards were 
merely blindfolded by adjusting pieces of adliesivc tape across tlie 
eyes and painting the tape with photographer's opaque Since the 
lizards were not tested until several days after blindfolding, it was 
found desirable to apply a thin coat of collodion over the opaque to 
prevent any loss of the paint through rubbing and to stick the tape 
more firmly to the head. 

In the second scries of tests the tongues were removed from a 
senes of individuals. Several diiys after the operation, when the 
lizards were found to be normal in their movements, they were 
tested in their ability to find hidden bait 
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For the third seiies of tests, the two halves of the Jacobson’s organ 
were removed by cauteiizing Forty-eight hours after this operation 
the ligaids were found to be normal in their responses and were tested 
for the first time Before testing, the roof of the mouth was ex¬ 
amined under a binocular in order to make sure the organs had been 
entirely removed, After the tests, a senes of individuals was killed, 
and the heads examined in serial sections In all cases microscopic 
examination demonstrated that the organs had been entirely des¬ 
troyed. 

In tlie fourth scries of tests, the external nares of a group of lizards 
were closed bv thrusting plugs of cotton into them and then painting 
the plug with a ten per cent solution of collodion Frequent exam¬ 
ination of these cotton plugs was made m order to make sure they 
were tight throughout tlie senes of trials. 

Finally, a series of lizards was tested in which various combina¬ 
tions of sense organs were prevented from functioning This group 
included first, a blindfolded and tongueless seiies, second, a blind¬ 
folded and nostril-plugged scries, third, a tongueless and nostril- 
plugged series; fourth, a nostnl-plugged and Jacobson's-organ-dc- 
stroyed series, fifth, a blindfolded, a aostrll-pluggcd, and tongueless 
series; sixth, a blindfolded, tongueless, Jacobson’s-organ-destroyed 
senes, seventh, a blindfolded, nostnl-plugged, and Jacobson’s-oigan- 
destroyed senes All these lizards were tested in exactly the same 
manner as the control senes of untreated lizards A detailed record 
of the movements of the lizards during the test was made. The 
following represents a typical protocol 
April to, 193i 

Tougueless and Blindfolded Series 
S Avieiva exsul having tongues removed and eyes blindfolded 
with adhesive tape and opaque 

S pieces of cotton (3 saturated with meat and egg extract, 

2 of the same size untreated) buried under stones of the 
cage at I 29 p-M. 

1.31 The first piece of cotton with food extract la found There 
is a deliberate approach to bait with nosing movements, 

An Individual walks across the cage floor until it comes 
to spot where cotton is buticd and then begins to dig. 

It does not completely uncover the bait but eats it with 
snout thrust into the grovel, Another lizard joins the 
first in eating the bait 
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1 3+ The piece is completely exposed, and la removed from 
cage 

1 The second piece is found in the same deliberate foshioit 
and IS removed by observer. 

1 41 The third piece of bait is uncovered as a result of de¬ 
finitely directed digging Two lizards arc after it and 
arc eating parts of it among the stones Bait is re¬ 
moved by observer. 

1 49 Experiment is closed since none of the untreated pieces of 
cotton lias been found 

Duration of observation* 20 minutes 

Food found delibcratclv in 2 niimiica, 7 minutes nnd 12 minutes 

Untreated cotton remained undiscovered 

It is obvious from such a lecortl as the above that these lizards 
can find hidden food without the use of their tonKiiC'!. In order to 
establish, however, the exact function of the olfactory and Jacob¬ 
son's oigans m the finding of hidden food, it was ncccssarv to run 
through all the experiments listed above The icsults of these ex¬ 
periments liave been presented in Tabic 1. 

Examination of this table will show that Jacobson’s organ is not 
essential in finding hidden food as Kahmann claimed in the case of 
snakes Removal of the tongue and destruction of Jacobson's organ 
do not prevent A. exutl fiom finding hidden food. From 70 to 80 
per cent of the food was found during the two-houi period, while the 
control lizards with all tlieir scnsoiy mechanisms available to them 
were only ten pci cent more successful It might be assumed that 
these controls would find 100 pet cent of the food in the two-hour 
period but ten diftcrent tests on 67 nnimals shoivcd conclusively tliat 
the area to be covered was too large for the lizards to find more than 
90 per cent of the food m the two-hour period It might seem re¬ 
markable that when the hzaids were blindfolded all of the food was 
found in the two-lioiir period and the average time to find the food 
was much shorter than in the controls Apparently tlic blindfolded 
lizards had become accustomed to the blindfolded condition and 
were very little distracted by the movements of other lizards They 
soon settled down to find the food by means of their chemical senses 
and hence made a better record than the controls which tended to be 
distracted by other activities in the cage. 

The blindfolded, nose-plugged, and tonguelcss senes (No 10) 
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shows that the Jacobson’s organ is incapable of helping the lizards 
find the hidden food without the aid of the tongue To this extent 
our observations confirm the conclusions of Baumann and Kahmanti. 
The blindfolded, nostiil-plugged, and Jacobsonfs-organless series 
(No 12) also shows that the tongue does not function as a distance 
receptor alone. Only when the Jacobson’s organ is present can the 
tongue be used as an organ for detecting hidden food 

The table also shows that it is impossible to designate any single 
organ as the principal mechanism for finding hidden food, The 
blindfolded, tongucless, and Jacobson’s-organless seiics (No II) did 
much better than the blindfolded, nostiil-plugged, and tongueless 
series (No. 10) This might be taken as evidence that olfactory 
organs were of more importance than the Jacobson’s organ in finding 
hidden food The iccords show that lizards having both olfactory 
organs and Jacobson's organs available make much better scores 
than do lizards lacking either one of these oignns. It is therefore 
evident that normally Jacobson’s organ supplements the olfactory 
organs ns a detector of hidden food. This conclusion is further sub¬ 
stantiated by comparison of the lizards having the olfactory organs 
incapacitated (No 7) with those having Jacobson’s organs removed 
(No 11). 

The R6le of Jacobson's Organ in the Brooding Habit 

Jacobson’s organ presumably has other sensory functions besides 
those of aiding m the detection of hidden food. We, however, 
have tested its value in only one other situation. Various gioups of 
lizards brood their eggs. Noble and Mason (5) were able to show 
that Amcticaii skinks of the genus Emieces weie able to distinguish 
their eggs from those of othei lizards even when blindfolded. Tiieir 
observations were, however, not earned far enough to prove con¬ 
clusively the relative importance of tongue and Jacobson’s organ in 
the identification of eg^ We have liad one female Eiwieces laiiceps 
under observation. After egg laying this lizaid was tested in very 
much the same mannei as Ame'iva, except that tlie floor of the cage 
was covered with decaying wood and the incentive was not bait but 
the lizard’s own eggs We were able to run a series of tests with the 
lizard blindfolded, nostrils plugged, and tongueless, 

The brooding female was tested six times before incapacitating 
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any of hei sensory mechanisms In four of these cases she was 
meiely fiightcncd from the nest Each time she was observed to 
find her eggs and resume brooding. The shoitest time required m 
returning to the eggs was 30 minutes, the longest 23 hours. Once 
her eggs were moved to another nest and two additional empty nests 
prepared to attract her if possible The second day she was found 
m one of tlie sham nests but within the next 24 liours she iiad dis¬ 
covered the eggs and was lying among them. In the second trial with 
the eggs moved to a new position ui the cagp and two additional nests 
provided she was found brooding again within 22 hovirs, 

The female E. lauceps was then deprived of the use of her nostiils 
in the same mannei as were the Amctva Slic found her nest in four 
and one-half liours. Slic was then blindfolded in addition to liaving 
the nostrils plugged In each of six tests with eggs m new sites she 
resumed brooding activities In one case she required only ten min¬ 
utes to find her eggs An additional expeument m which the eggs 
were moved to .'mother nest was made aftci she had been blindfolded 
and had hci nostiils plugged After five hours she was back among 
lier eggs 

Several trials were made after removing the female’s tongue The 
seven eggs remaining in the clutch—some of tliein had been damaged 
and consequently removed—^u'crc divided into three nests of three, 
two, and two eggs respectively. At the end of 18 hours she was 
brooding the gioup of three and had left the otheis untouched This 
experiment was repeated and the second time she returned to the 
same three in 20 hours At the thiid trial she found the three in 
five and one-lialf hours. 

At the conclusion of these tests all the eggs were moved to an- 
othci site She found them and began brooding them on five diff¬ 
erent occasions and always within a seven-hour period Then the 
eggs were left in the same nest hut arranged in various patterns of 
which a record was kept Nine times out of nine trials she found the 
eggs and rearranged them before brooding The shortest time re¬ 
quired in this group was thicc hours The tongueless lizard was then 
moved to another cage and her eggs scattered over the floor An 
egg of Scelop07it^ vmhhtuSj which resembles tliat of E loliceps 
closely, was added to the lot The female found tlie eggs, rearranged 
them and resumed brooding activities but did not include the Scelo- 
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pot Hs egg in the nest. The latter egg was left by itself on top of 
the wood pulp and at a distance from the bark covering the nest 
This observation confirms the conclusion of Noble and Mason 
(5) that the brooding E laticeps can distinguish the eggs of 
Sceloporus undiilatus from her own, but it extends these observations 
further in showing that the lizard is capable of doing so even when 
deprived of her tongue. 

Unfortunately, it was not possible to remove the Jacobson’s or¬ 
gans from this brooding female. The observations, as far as they 
go, entirely confirm our observations on Ameiva. Although Noble 
and Mason were able to show that the female would find her eggs 
when her nostiils were plugged, these experiments showed that the 
lizard can also find her eggs and distinguish them from those of 
Sceloparns when she is deprived of her tongue and is presumably us¬ 
ing only her olfactory organs to find and distinguish them from the 
eggs of other species The tongue is apparently useful to the female 
Eimecis in finding her eggs but it is not indispensable, since the ol¬ 
factory organs can also be used for this purpose, Thus, in both 
Enmeces and Ameha, Jacobson’s organ must be considered only an 
accessory mechanism for distinguishing odors Olfactory organs are 
presumably the chief organs for discrimination m both these groups 
of lizards. 

Conclusions 

Jacobson’s organ functions as a distance receptor in lizards such 
as Ameiva exsiil which are provided with a long bifid tongue Odor¬ 
ous substances are earned by the tongue directly to Jacobson’s organ 
These lizards may, however, find hidden food by means of their ol¬ 
factory organs alone Hence Jacobson’s organ must be considered 
only an accessory organ of olfaction. 

Lizards which brood their eg^ may use their tongue-Jacobson’s 
organ mechanism to find and to distinguish their eggs from those of 
other species. But here again the olfactory organs may function 
alone m egg finding and egg discrimination. 

The tongue-Jacobson’s organ mechanism is of decided advantage 
to lizards in supplementing the olfactory organs The period required 
to find hidden food is shorter when both the olfactory and the tongue- 
Jacobson’s organ mechanism are functioning, 
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LA FONCTrON DE L'ORGANE DE JACOBSON CHEZ LES LEZARDS 

(R6flum6) 

L’organe de Jacobson fonctionne comine r6cepteur de distance chez lei 
lizards tels <\\i‘Amiiv<i exsul lesquels sont pourvus d'une longue langiic 
falfide Les substances odorantes sont porties par la longue ulrecteinent 
& I'ocgaae de Jacobson Cea Uzards peuvettt trouver cependant de la 
noiirritiire cachie nu moycn de Icnrs organes oifnetifs seuls On doit done 
conaidirer I’organe dc Jacobson seulement comine un organe accessoire 
de t’olfaction. 

Les Iczards qiil convent leurs oeufs peiivcnt employer Ic miconisme dc 
k kngue et de I'organe dc Jacobson pour trouver et diatinguer leurs oeufs 
de ceux d'autres espices Maia ici encore les orgnnes olfoctifs peuvent 
fonctionner gcula dans Ic dicouverle et In discrimination dca oeufs. 

Lc micanisme de la kngiic et de I'organe dc Jocobson eat tris avanta- 
geux pour les lizards comme supplement de^ organca oifnetifs Ln piriode 
nicessflire pour trouver la nournture enchie est plus courtc qunnd le 
inicanismc olfactif et celiii de In Inngnc ct de I'organe de Jocobson ionc- 
tionneiit tons deux 

Nobi.b et KuMpr 


DIE FUNKTION DES JACOBSONSCHEN ORGANS BE! EIDECIISEN 

(Referat) 

Jacobsons Organ fiinkcionfcrt als ein EntfernunttsempfanBer bei Eidechscn 
VYie Amewa exsul, die eine knge zweispitzige Zunge bcsitzen Duftendc 
Substanzen werden durch die Zunge dem Jacobsonschen Organ iinmittclbar 
ubcrliefert. tJbrigcns konnen diese Eidcchien Nahrung vcrmittelst Hirer 
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Geruchsorgane allem finden Folglich muss Jacobsons Oigan niir aU 
Nebenorgan des Gemchs angesehen werden, 

Eidechsen, die ihre Eier bruten, gebrauchen \hr Jacobsons Organ, um 
ihre Eier von denjenigen nndcrer Gattungen zu unterscheiden Aber auch 
hler konnen die Geruchsorgane zur Auffindung iind Unterscheidung der Eicr 
allem fnnktionieren 

Der Jacobson Zungenmechanismiis ist von entschiedcnem Vorteil zur 
Erganzung der Geruchsorgane Die Zeitdauer zur Auffindung verboegener 
Nalirung ist kiirzer, wenn sowohl das Gcruchs- als auch Jacogsons Zungen- 
organ funktiomeren 


Noble und Kumpf 



^'MATURATION'' VS “LEARNING” IN THE DEVELOP¬ 
MENT OF VESTIBULAR AND OPTOKINETIC 
NYSTAGMUS*! 

From the Fs^/chology Labatatary 0 / Prtuceion University 


O H. MowacR^ 


I The Development op Vi-stieular Nystagmus 

It has lei^eatcdly been noted that there are certain characteristic 
difteicnees between the vestibul.u nystagmus which is elicited in new¬ 
born vertebrates by a period of continuous bodily rotation and the 
nystagmus which is elicited by comparable stimulation m adult 
organisms. Observations on cats (10, 16, 21, 32), Tal>bits (21), 
(logs (12, 21), gmnea-pigs (6, 21), pigeons (33), ami human 
beings (1, 3, 4, 12, 16, 29) have been reported in tins connection 
and consistently show that post-rotational nystagmus in llic very 
young of these species—if it occurs at all—is much briefer, weaker, 
and less well coordinated than at later stages of development. 

In so far as the writers cited have expressed an opinion, they seem 
to he generally agiocd with Prince (32) that these post-natal 
developmental changes “arc explained by a relatively late myelination 
of the nervous paths concerned” 01 by some other featuie of neural 
growth There arc, howcvci, ccitain considerations which throw 
some doubt upon the validity of this assumption It is well established 
that the vestibular receptors and their afferent neives arc among the 
first scnsoiy mechanisms to become capable of function during em¬ 
bryonic life (31, 34), the lag in the development of vestibular 
nyst.iginus cannot, therefore, be .ittnbuicd to any structural deficit 
0)1 the sensory side of the reaction mechanism 

The observations of Fish and Windlc (10) that tlic postnatal 
development of vestibular ny>taginus in kittens appears to be directly 


^Accepted for piiblicniion by Carl Murchison of llic Editorial Uoard and 
received la the Ediional OiTicc, December 26, 1934 
^This investigation was undertaken bj Ibe writer while a Naiional Ite- 
search Fellow at Northwestern University (1912*33) ami was completed at 
Princeton University (1933-34), in the s.inie capacity 
^Sterling Fellow, Institute 0 / Human Kclations, Yale University 
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related to the visual experience of the growing organisms strongly 
suggests that a learning process is here involved To quote; 

. , . It I 3 poasiWe that the attificial opening of the eyes of 
the kittens in the present series may have had an influence on 
the time of appearance of the ocular movements In a number 
of cases the eyelids -were separated at the time of birth or 
on the first or second day thereafter, and, correlated with 
this, the appearance of poatrotatory deviation and nystagmus 
seemed to be precocious. 

It is a mntter of common agreement that the primary if not exclu¬ 
sive biological function of the vestibulo-ocular reflexes involved in 
vestibular nystagmus is the facilitation of efficient visual fixation 
during rotary movements of the head or of the entire body (23). 
The suggestion of Fish and Wvndle that vision may influence the 
development of tliese reflexes seems, therefore, quite plausible 

It is also generally acknowledged that normal conjugate move¬ 
ment of the eyes represents one of the most complex and nicely 
adjusted reactions which living organisms aic capable of making 
(8) In view of this fact, Lorente de No (20) has raised the ques¬ 
tion whether any such complex reaction can be entirely the expression 
of what might be loosely called the “blind forces of maturation.’* 
This writer points out the striking individual variations in the siiie 
of the various extrinsic eye muscles, in the richness of the innerva¬ 
tion of these muscles, and in the shape and size of the vestibular re¬ 
ceptors, and emphasizes the great Improbability that these diverse 
factors could be so integrated and balanced by means of strictly 
hereditary determiners^ as to bring about, independently of learning, 
the observed reactions. On the basis of these reflections, Lorente 
de No comes to the conclusion that the vestibulo-ocular reflexes 
must be “partly inborn and partly learned," the visual experience of 
the growing organism being, presumably, the domin.mt factor in 
bringing about the ultimate refinement of control and the perfect 
synergy which characterize these reactions. 

*By "strictly hereditary determiners" the writer means the chemical con¬ 
stituents and organi 2 aHon of the fertilized egg p^us the so-called "field 
factors’ [cf Burr, (S)] which arise from the chemical and electrical inter¬ 
action of the egg and Us embryonic environment as opposed to the rnociihca- 
tion of behavior by previous behavior [cf Guthrie, (14)] which is ordinarily 
termed "learning" 
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According to the theory of development elaborated by Holt (15), 
all muscular reactions (except ^‘tandom wnthings, wriggling, and 
twitchings") originate through learning of one kind or another. If 
this thesis is valid it should be possible, by appiopriatcly controlling 
the scnsoiy experience of giowing organisms, to prevent the develop¬ 
ment of any given type of reaction. For reasons already indicated, 
the development of vestibular nystagmus might he expected, on the 
basis of Holt's tlieoiy, to be specifically dependent upon vision. That 
tills, Jiowcver, is not true as legaids at least the early phases of tlic 
development of this leaction is indicated by the fact tliat the young 
of viitunllv all vertcbiates show as soon as horn (or hatched) a 
definite diift of the eyes (or entire head) in response to vestibular 
stimulation. If this response 1ms developed thiongh learning, rather 
than thiougli the inatuiation of iniiciited ncuial patterns, it is obvi¬ 
ous that visual stimulation has had no part in the process Whether 
visual stimulation plays a significant role m the posttiatal transforma¬ 
tion of these eaily vestibular reactions into tine nystagmus (con¬ 
sisting of alternating slow and quick phases) is a point on which 
previous evidence lias not been conclusive. 

As mentioned above, the observations of Fish and Windle (10) 
suggest that in kittens vision does play an important part in the de¬ 
velopment of vestibular nystagmus. On the other hand, Nasiell 
(30) found that two labbits winch had been born and icared m 
complete darkness to the age of three weeks "show after rotation 
around the vertical, sagittal, and frontal axes normal types of 
nystagmus (norinalen Nystagmusarten).” However, in making 
these observations Nasiell was primarily interested in determining 
merely whether these animals would develop a spontaneous nystag¬ 
mus, 01 so-called “nystagmus of the blind,” as a consequence of being 
deprived of normal visual experience, and liis obseivations on the 
nystagmus pioduced by vestibular stimulation were quite incidental 
and do not purport to constitute a careful quantitative comparison 
of the vestibular nystagmus of animals icarcd with normal visual 
experience and tliat of animals reared without visual experience. 

In view, therefore, of the sparsity and inconsistency of the available 
evidence, it seemed important to submit this problem to a rigorous 
and extended experimental examination. As subjects for such a study 
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pigeons seemed to offer numerous advantages In the first place, they 
show a nystagmus of the entne head, which is much easier to record 
than IS eye nystagmus They attain approximately adult size in. four 
or five weeks and can easily be reared under laboratory conditions. 
Finally, the young are abundantly fed through regurgitation by the 
parent birds and are therefore not necessarily dependent upon vision 
m obtaining food 

Ocular enucleation was considered as a possible method of elim¬ 
inating vision but was not rcsoited to because of the necessarily 
permanent loss of vision and because of the danger of infection. 
Rearing the hiids in a totally dark room would have offered an 
ideal solution to the problem had it not been for the piactical 
difficulty of inducing adult pigeons to breed and nest in complete 
darkness. And since squabs are dependent upon the predigested 
food normally received from the patents, it was not possible to hatch 
and feed them aitificially Fortunately for the purposes of the 
present expeument, the pigeon possesses a xvelFdcvcioped and func¬ 
tionally active nictitating mcmbiane (24), or “third eyelid/’ which 
keeps the cornea well lubricated and frw from irritation even 
though the two external eyelids be snugly sutured together In 
yiew of these considerations, the eyelid suture technique was adopted 
as the means of depriving the squabs of noimal vision 

In all, ten squabs, which were hatched from eggs laid and incu¬ 
bated by homing pigeons, were reared to five weeks of age, with 
vision excluded by the method indicated Since the eyelids of squabs 
do not normally open until the thud or fourth day after hatching, 
two days u'^cie usually allowed to elapse before the first stitch was 
taken From then on other stitches were added as they became 
necessary, due to the growth of the lids Four to six stitches usually 
sufficed The squabs thus blinded were weighed from time to time 
in order to make sure that they weie being properly nourished, but 
at no stage of development did their weights diftcr materially from 
those of a group of ten squabs which were reared, with normal vision, 
as controls The responses involved m the reception of the food 
regurgitated by the parents were in no way defective in the blinded 
birds, and, surprisingly enough, during the fourth and fifth weeks 
these squabs were frequently observed pecking grain, in a groping, 
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awkward fasliion, from the pan from which the parents were feel.'* 
Tlmt tins latter performance might have been dependent upon visual 
cues seems most improbable. Careful observ.ition revealed that in 
the beginning the blinded squabs often peeked mmlessly in the air or 
at the bare floor or sides of their cage (about 18 inches square) 
Morcovet, it was found that the squabs made no observable re¬ 
sponse eithei to moving shadows cast by a bright light or to any other 
type of visual stimulus Some light undoubtedly penetrated through 
the eyelids, but ic was so diffuse and of such low intensity that it 
could scarcely have been of any importance in localising food or in 
the establishing of . 103 ' other specific visual habit 
Although the general level of activity in the blinded birds was 
definitelv lower than in the normal controls, they ncvertiielcss learned 
to walk 111 a manner that was perfectly noimal except for the fact 
that tliey held tlic head stiffly extended in the forward direction 
instead of bobbing it backwards and forwards as birds with vision 
ordinarily do (9). During the fourth and fifth weeks they engaged 
in the same type of fluttering of the wings as normal birds and even 
learned to lift themselves an inch or so off the floor When tossed 
into the air they usually came to the floor without mishap> but they 
never attempted real flight. So far as could be observed, they were 
entirely unable to avoid obstacles either when walking or when forced 
to fly by being tossed into the air. In short, there was no evidence 
whatever that they ever made either specific or general reactions to 
visual stimulation of any kind. 

At five weeks of age each of the ten blinded squabs was tested on 
three successive days for post-rotational vestibular nystagmus, the 
rotation consisting of 20 counterclockwise turns in 30 seconds, witli 
acceleration and retardation each occupying less tlian two seconds. 
At the same age, each of the ten noimal birds was subjected to ex¬ 
actly the same procedure Both the blinded and the noimnl buds 
were immobilized by a cloth wrapper and allowed to remain unmo¬ 
lested in a quiet room for 20 minutes before they were rotated, the 
heads of all birds being covered with a snug cloth hood Observa- 

‘Later observations have shown that squaba reared without vision lenrn 
not only to feed themselves fnu also to locate and drink water alone and 
are capable of independent survival after being separated from the parent 
birds, providing that food and water arc easilv accessible 
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tions reported elsewhere (26) have indicated that when normal 
pigeons aie rotated immediately after being caught and hooded, 
their post-rotational nystagmas lasts, on the average, about 30 per 
cent longer than when they arc first subjected to a "quiet period" 
of the kind just described. Since the birds with the sutured eyelids 
were permanently in very much the same condition as normal birds 
during the "quiet peiiod," the precaution of subjecting both groups 
of squabs to as nearly identical conditions as possible for some time 
preceding the rotation seemed very essential. 

From the numerical values presented in Table 1, it is evident that 

TABLE 1 

The entries in this table represent the duration (in seconds) of the post- 
rotntional vcalihuUr nystagmus of two groups of squalae which were tested 
on three successive days at six -weelcs of age. The ten birds constituting 
the experimental group were reared with vision excluded by means of 
autiuing their eyelids together; (he ten members of the control group were 
reared wiih normal vision As the table shows, there was no significant dif¬ 
ference in the average duration of nyttAgnws m the two groups 


Subject 

Expenmeatal group 
fattest Sndtest 

3rd test 

Subject 

Conttol 
1st test 

group 
2nd test 

3rd lest 

lE 

25,2 

18.5 

15.0 

1C 

160 

118 

14.4 

2E 


20.+ 

ns 

2C 

152 

18 6 

U7 

3E 

25 9 

151 

21 S 

3C 

20 4 

18 4 

190 

4E 

17,* 

16 0 

15 6 

4C 

20 6 

14 8 

17 8 

5E 

U* 

144 

16 5 

SC 

13 1 

17 9 

152 

6E 

I6t 

132 

14 7 

6C 

H2 

38,1 

115 

7E 

144 

14.9 

16 9 

7C 

216 

22 2 

20 8 

SE 

12.S 

12.3 

It 2 

8C 

ISO 

n 8 

12 0 

9E 

18.9 

18.7 

17 6 

9C 

19 9 

13 6 

9 S 

lOE 

14 9 

163 

13 8 

IOC 

171 

18 2 

180 

Average 

1812 

15,99 

16.16 

Average 

17 61 

16 54 

15 29 


there was no significant difference in the average duration of the 
nystagmic responses shown by the blinded and by the normal squabs. 
Moreover, kymogiaphic records as -well as direct observation re¬ 
vealed no characteristic difference in rapidity, magnitude, or general 
pattern or in any other aspect of the reactions sliown by the two 
groups. The nystagmus reaction shown in Record 1, though obtained 
from a blinded bird, is typical of the responses obtained from the 
normal as well as from the other blinded birds [For a description 
of the apparatus and technique employed in recording these responses, 
see Mowrer (27).] 
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RECORD 1 

The posC'Totational nystngniic response shown in this kymagraphic record 
was obtained from o five-weeks-old squab Id which vision had been 
excluded from the time of hatching by the method desciibed in the text. 
The nystagmus here shown is typical of the reactions obtained from other 
blinded birds as well as from birds which had been reared with norma] 
vision The onset of retardation occuircd at the point marked “x” in the 
signal line; the mtervaU in the time line represent seconds 

The results of the present investigation with pigeons and of 
NasicU's study with lahbits seem to offer decisive proof that, at 
least in these particular animals, vision is not essential for the normal 
development of vestibular nystagmus. These findings do not, how¬ 
ever, necessarily prove that vestibular nystagmus is unlearned. In 
the case of the pigeon (and other birds showing predominantly a 
liead nystagmus), it is possible to conceive of a way in which this 
reaction might be learned quite independently of vision. During 
the period of incubation the parent birds frequently rotate the eggs 
containing the developing embryos. This movement will, of neces¬ 
sity, stimulate the vestibular receptors as soon as tlicsc organs begin 
to function. On the basis of the hypothesis advanced by Holt (see 
above), this type of stimulation will at fiist elicit a variety of purely 
random reactions. If, however, one of these reactions happens to be 
of such a nature as to remove the then acting stimulus, according to 
Holt, in the future the probability of the occuriencc of this particu¬ 
lar response to the given stimulus will be greater than before. By 
such a process the probability that a given stimulus will elicit a given 
response is gradually increased until, in at least some cases, it amounts 
practically to certainty. 

In the avian embiyo there is one type of reaction which is spccifi- 
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cally capable of ebminatmg, or at least reducing the intensity of, 
the vestibular stimulation produced by the passive rotation of the 
egg] this reaction consists of a compensatory movement of the head 
in the direction opposite to that in which the passive rotation occurs. 
That the head of the developing bird is capable of considerable 
independent movement before hatcliing is shown both by the experi¬ 
mental observations of Kuo (18) and by the fact that birds peck 
their way out of tlie shell. It is not at all impossible, theiefore, 
that specific vestibulai head leflexes may be established m the embryo 
well before the time of hatching solely on the basis of learning of 
the kind just suggested. After hatching, the bird begins to move 
about actively and the same process would presumably continue at an 
even more rapid pace, regardless of whether or not vision was per¬ 
mitted 

The theoiy of the development of vestibular nystagmus in birds 
which has just been elaborated will not, however, apply in the case 
of mammals m which nystagmus involves only the eyes Dunng 
gestation, movements of the mother undoubtedly stimulate the vesti¬ 
bular receptors of the mammalian embryo Compensatory move¬ 
ments of the liead would, as in the case of birds, tend to eliminate 
this form of stimulation; but for some reason vestibular head reflexes 
do not develop as they do in birds;® instead, vcstibulo-ocular responses 
appear which could not conceivably act m such a way as to abolish 
or even reduce the intensity of any form of vestibular stimulation. 
The opportunity for embryonic head movements is presumably just 
as good in mammals as m buds. The fact that the former develop 

®The differentiation here ts relative rather than absoKitc the newly- 
hatched bird has, along with the more conspicuous vcstibiilnr head teflex, 
also a vestibular eye reflex; and the new-born mammal likewise shows 
evidence of a vestibular head reflex along with the more prominent veati- 
bulo-ocular reflex (29) Wliethei .in organism will develop a nystagmus 
primarily of the entire head or of only the eyes appears to be dependent 
not so much upon the particular class to which it belongs as upon whether 
It possesses binocular or monoentnr vision (6«) For example, the rabbit, 
which has probably the smallest extent of binocular vision of any mammal, 
shows a very prominent head nystagmus On the other hand, birds of 
prey, having a much greater degree of binocular vision than biids that are 
preyed upon, show a correspondingly greater tendency toward eye nystag¬ 
mus. Yet, as pointed out above, the visual experience of any given indi¬ 
vidual seems to have nothing to do with the development of that individuars 
nystagmic reactions, The situation is obriously complicated and calls for 
further experimental analysis. 
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piiinarn5' a vestibular nystagmus of the eyes while the latter develop 
primarily a nystagmus of tlie entire head tends, therefore, to suggest 
that if learning is involved m either case, an inherent difference in 
developmental potentialitities is probably also operative 

HoU has suggested how, by Pavlov*s law of the conditioned reflex, 
a "circle-rcllcx” (Bole) may be established so that the "passive 
stretcliing of a muscle excites it to contraction," as has been experi¬ 
mentally dcmonstiatcd by von UexkuH. Duimg rotary movements 
of the head of a mammalian cmbvyo, the optic bulbs, being rela¬ 
tively free to move m their sockets, may be thought of as ^‘lagging 
behind” dining the accelciation phase of such movements and "mov¬ 
ing ahead” during the retardation phase. These purely mechanical 
displacements of the eyeballs, even if quite insignificant in magnitude, 
would presumably stimulate the proprioceptors of tiie eye muscles 
which are thus stictched This, according to Holt, sliould lead to 
tile contiactton of these muscles. Now at the same time that these 
muscles of the eyes arc being stretched and excited to conti action by 
the inertial movement of the eyeballs, the semicircular c.mals are 
also being stimulated. Thus, by the principle of the conditioned 
refleXi the stage is set for the formation of the vestibulo-ocular re¬ 
flexes, puvely on the basis of learning. 

By a process quite analogous to the one just described, it is also 
understandable how vestibular head reflexes might become established 
in the avian embryo. 

There is, however, one serious difficulty with this conception of the 
way in which the vestibular nystagmic reflexes develop During 
acceleration of tlie head of the mammalian embryo in the clockwise 
direction, for example, the inertia of the eyes will tend to stretch 
the exteinal rectus of the right eye and the internal rectus of the 
left eye. Assuming that the propiioccptive stimulation thus produced 
excites these muscles to contraction, the resulting movement of the 
eyes would be to the right If, therefore, the concurrent vestibular 
stimulation became conditioned to this type of eye movement, the 
resulting vestibulo-ocular reflex would be m the same direction as 
the head movement It is, of course, well known that exactly the 
reverse relationship actually exists: the vestibular stimulation pro¬ 
duced by clockwise acceleration of the head in one direction causes 
the eyes to move in tlie opposite direction The writer has no sug- 
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gestion to ofiei ns to how Holt’s theory of the development of re¬ 
flexes in general can be made to explain the development of the 
vestibular nystagmic reflexes. 

In the light of the results of the present investigation with 
pigeons and those of Naslell’s experiment with rabbits, it seems 
fairly certain that vision does not play a significant role in the 
development of normal vestibular nystagmus. Although it is pos¬ 
sible to advance a hypothetical explanation of tlie development of 
Iiead nystagmus in pigeons purely on the basis of learning (with 
vision excluded), the fact that it is apparently not possible to offer 
a similar explanation of the development of eye nystagmus in mam¬ 
mals tends to weaken the argument that either form of nystagmus 
is learned The writer is convinced that many reflexes are inherited 
(see Note 3) in just as strict a sense as arc many structural char¬ 
acteristics. It is perhaps unwarranted at the present time to say 
tliat this IS true of the vestibular nystagmic reflexes, Neveitheless, 
the evidence seems to point in this direction. 

II. The Development of Optokinetic Nystagmus 

Although quite similar from the point of view of the overt move¬ 
ments involved and the function subserved, the reactions designated 
as vestibular nystagmus and optokinetic nystagmus differ radically 
as regards their source of stimulation. Whereas the former arises 
from the vestibular effects of angular acceleration (or retardation) 
of the subject's head or entire body, the latter is elicited by movement 
of the subject’s visual field. There is a sharp divergence of opinion 
—compare Barany (2) and McGinnis (22) with Bartels (3), 
Galebsky (12), Kestenbaum (17), and Mygind (29)—as to whether 
true visual nystagmus may be elicited in human infants immediately 
after birth, but all investigators aie agreed that this response is 
unmistakable and quite vigorous by the time the infant is a few 
weeks old Whether this postnatal improvement is more directly 
dependent upon the infant's visual experience (learning) or upon 
maturation is a problem which writers in this field appear to have 
given but scant attention It has naturally not seemed feasible to 
deprive normal human infants of vision during the early weeks of 
life merely to provide the experimental conditions necessary for study¬ 
ing this problem; and Dennis’ recent review (7) of cases of con- 



"mATURMION” as. "LIARNINg” in NVSIAGMIIS 

gciMtfil bliaducss lu uhicli vision h.is cvcnUuiUv bi’cn ui.iilo passible 
thiough suigej 3 ’ induilcs no mention of .mi? obsciv.iiion^ on opto¬ 
kinetic njst.iginus Animal experimentation olfeis, of Lomsi-, exLcl- 
Icnt jiossibiUtics \\\ tins conncLtionj but of tlic uumcunis iiwcstljr^tors 
Avlio liavc 1C, lied ainm.'ils Avitlioiit vision foi othei pin poses,^ ap- 
paicntly no one has m.ule .inj' attempt to study the above piohlcin. 

In view of these i.naimslAni.cs it seemed woith wlido to make a 
study of the visual lespomos anti p.nticulaily tlic optokinetic nj’stag- 
miis of tlie ten squabs \ihicli were leaicd without visum for the 
cxpciimcnt desenbed m the picvcilinn sctlion of this papei At six 
weeks of age, after they li.ul been tested loi vestihulai n 3 ’stagnuis in 
tJie in.uuier alicaclv dcsciibccl, tlic hinis wcic given the opportunity 
for noimal vision by icmoving tbc stitches whicli Imd previously 
held the eyelids togetlici Then c^'cs wcic almost alwnjs found to 
be clean, (ice fiom initation, and pcifectly developed For five 
or ten minutes after the eyelid siiliircs were removed, ilic lurds often 
tended to blink excessively or to keep tlicii eyelids paitly nr ciUiicly 
closed Whether this meicly represented faulty muscular control 
01 was due to tcinpoiary photophobia oi dark-nclaptatioii is not cer¬ 
tain. Ihit wliatcvei may have been the cause of tin's l>ch,ivior, it 



FIGURE in FIGURF \b 

FiKure 1(1 shows a six-wceKs-old squab iihosc cvebds liad been sutured 
togcllicr fiom the tune of h.'ilcliing Figure lb <huws the same bird about 
twelve iniiiiites after the sutures had been removed Dus method of cxchid- 
ing vision docs not interfere with the normal development of ihc e)’es and 
dae<! not result m any impairment of eoiurol over ihe lids subsequent to 
the removal of the sutures 

"For n review of ihis iiteraiiirc, see Goodman (13) 
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usuallv disappeared Avitliin a quaitci of an honr oi less and did not 
subsequently leappeai, The photogiapli shown in Figure \b was 
taken about twelve minutes nftei the photogiaph shown in Figure k 
and shows no trace of the '‘faquinting’' tendency just rcfciied to 
Fci scvetal liouis attci theii eves wcic opened, tlie buds appeared 
to be completely ’'blind” m all oidmary situations They continued 
to walk much as they had picviouslv, holding the head extended 
stiffly forward and showing none ot the rhythmical head movements 
winch arc ch.uacteiistic of pigeons which have had normal visual 
expericiKe (9). They showed no capacity for avoiding obstacles 
placed in then path and were cntiiclj unaftccted, so fai as could be 
dctcimincd by theii bchavioi, by rapid movements of tlie experi- 
mcntci’s hands or by the waving of a handkcicluef a slioit distance 
fiom then eyes The buds did, liowevei, show' a prompt and vigor¬ 
ous pupilbuy leaction svhen a 30-wact elcctiic light was tuined on 
a few inches fiorn either eye This latter finding diffcis fiom the 
obseivation of Goodman (13), who icpoited that a rabbit reared 
in complete daikne&s showed a long piipillniy latency (five seconds) 
when first subjected to visual stimulation This difterence in the 
pioinptncbs of the pupdlaiv leaction ina)' be explainable by the fact 
that the intensity of the Uglu which diffused thiough the sutured 
eyelids of the pigeons natuiallv fluctuated considerably and may thus 
have provided the pupillaiy icactioii ivitli sufficient “practice” to 
bung It to a high degiec of functional peifection prior to the opening 
of the lids Or, again, theie may be a characteristic difference in 
the way in which the pupillaiv reflex develops in these two different 
species The problem is an mteiesting one and should be studied 
further 

If, at SIX weeks of age, a squab which has had normal Visual ex¬ 
perience IS placed in a suitable holdci and a laige, w'ell-illuminated 
cylindei with a vaiicgatcd mtciior is lotatcd around the bud, the 
bud shows a vigorous horixoutal head nystagmus The kymogiaphic 
record which is labeled “2” in the accompanving lepioduction is 
typical of the reaction vvliich is produced by revolving the evlmder in 
the clockwise diicction at the speed of one revolution m about five 
seconds. In this iccoid the inteivals m the time lure represent 
seconds and the distance between " 0 “ and 'V" indicates the period 
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RECORDS 2, 3, AND 4 

Tl^c optokinetic nystaKmm shown in Rcconl 2 is typiial of thnt ohtnined 
from six-wceks-old s<iiipbs which have been learcd with normal vision 
From "o” to nloiiR the siRnnl line represents the inlcri al during winch 
tlie visual environment sui loiinding the IiihI was m rotation, In Record 
3 may he seen the lesponsc obtained uocitr the same test Lomlilioni from 
n bird wliicli htid been reared t« the age of sik weeks with eyelids sunned 
together and whose lids had been opened only ahotit a i|iinrtcr of an hour 
before the recoid was taken Record 4 shows the iiystagmii. response which 
was obtained fioin the same bird three days after the csclids were opened 


during whicli the evimder was in motion The bitd’s actual responses 
were tlirec times the magnitude slwwn in this rceoiil 
When the hnils whose cscluls had lwei\ sewed togcthei were tested 
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15 or 20 minutes after then eyelids had been opened, under the 
conditions just desciibed, the response obtained was usually some¬ 
what similai to the one shown in the lecoid labeled “3.” In this 
particular iccoid the bud shows a consistent though very feeble 
tendency towaid a noimal nystagmus But in scveial of the other 
birds, not only was the magnitude of the nystagmus CYticmely 
small, but the pattern of the lesponsc was also quite abnormal Tor 
example, imtead of showing the typical alternation of slow pursuit 
head movements iii the direction in which the visual field is moving 
and quick saccadic movements in the opposite direction, the birds 
fiequently made simplv a succession of iiiegular saccadic movements 
in vaiious directions Although infrequent, It also occasionally hap¬ 
pened that a bud would show a slow diift of the head in the diiection 
opposite to tliat of the normal puisuit type of movement Howevei, 
when retested foi optokinetic nystagmus three days aftei theii eyelids 
had been opened, tlie birds unifoimlv showed a xesponse which was 
completely indistinguishable, both ns regntds pattern and magnitude, 
from the icsponse of buds which have been leaicd with normal 
vision Record 4 is typical of the responses obtained from the 
pievioiisly blinded birds on the retest. 

Ill view of the almost complete absence of optokinetic nystagmus 
immediately after the eyelids of the picviously blinded buds were 
opened and the rapidity with which this lesponse subsequently de¬ 
veloped, it seems justifiable to conclude that optokinetic nystagmus, 
unlike vestibulai nj^stagmus, is probably entiiclv lenined ® There 
arc two ways in which this might come about It is fail to assume 
that a moving letinal image constitutes a relatively intense form of 
stimulation which elicits in tlie voung oiganism a senes of at first 
random responses, If, howevei, among these responses thcie chances 
to occur a movement of the head and eyes togethei (oi of only the 

’Three days •subsequent to the opening of the evelids was selected more 
or less aibitrarily as the time for the retest Since there were no inter¬ 
vening tests, It IS impossible to state the exact time required for the acquisi¬ 
tion of a normal optokinetic nystagmus, all that can be said is that it 
was something less than thiec days 

®The fact that most of the birds showed an incipient tendency toward a 
normal optokinetic nystagmus when first tested may be interpreted as indi¬ 
cating that the first stages of the learning process which was to bring this 
type of response to its mature form and magnitude were already ip 
operation 
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eyes) in the same direction ns the movement of the visual field, the 
image on tlic retina will become more or less stationary and the 
intensity of the stimulus will be greatly reduced. Thcrcfoic, through 
the operation of the principle which Holt (15) has clearly formulated 
(sec pieceding section), this type of response will eventually become 
specifically tied up with the stimulus which it tends to remove or 
weaken 

Tlie other way in which optokinetic nystagmus may he Icaincd is 
this As was pointed out m the first section of this paper, the 
development of vestibular nystagmus is probably exclusively depen¬ 
dent upon maturational factors Under ordinary conditions rotary 
movements of the head, which cause the retinal image to move, also 
pioduce vcstibiilai stimulation which, by virtue of pre-established 
neural pathways, elicits a vestibular nystagmus. By a simple process 
of conditioning, it is understandable hosv movement of the retinal 
image alone might eventually come to elicit the type of response 
(nystagmus) which occurred originally only to vestibular stimulation 

On the basis of the available evidence it is impossible lo s.iy which, 
if eithei, of the two foregoing explanations of the way in which opto¬ 
kinetic nystagmus develops is correct. It is, however, fairly certain 
that this type of response is acquired through some soit of learning 
process rather than tiuough maturation, as appears to be the case in 
the development of vestibulai nystagmus Althougli it had not pre¬ 
viously been shown that such a diffcicnce exists in the w’ays in 
which these two types of nystagmus develop, this finding might have 
been predicted on purely neurological grounds. In mammals the 
retlno-ocular leflexes involved in optokinetic nystagmus are known 
to be mediated by neural tracts which pass tliroiigh the cerebral 
hemispheres (28), whereas the vcstibulo-ocular reflexes involved in 
vestibulai nystagmus arc mediated by strictly subcortical mechanisms 
(25) In the light of these anatomical relationships and the rela¬ 
tively rigid, genetically predetermined organization of the brain¬ 
stem as contrasted to the great lability of the cerebral hemispheres, 
It is quite understandable why optokinetic and vestibular nystagmus 
should develop in characteristically different ways. 

There has long been reason for assuming that in birds the retino- 
motor reflexes involved in optokinetic nystagmus, unlike the analogous 
reflexes m mammals, are mediated by subcortical rather than by 
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cortical pathways and Visser and Rademakcr (35) have re¬ 
cently confirmed this view by showing that the cerebral hemispheres 
of the pigeon can be completely extirpated without noticeably dis¬ 
turbing this type of response However, even in birds the retmo- 
motoi pathways pass through the brain at a much higher level than do 
the vestibulo-motoT pathways. The foimct pathways are known, for 
example, to pass through the corpora quadrigemina, in the roof of 
the mid-brain, and, since these bodies have a veiy considerable cor¬ 
tex of their own in birds, theie is thus provided an opportunity for 
the "learning” of optokinetic nystagmus, whereas there is apparently 
no such provision for a similar piocess along the vestibulo-motor 
pathways. It is therefore possible to show, in both birds and 
mammals, neurological reasons why the experimental icsults reported 
above should have been obtained. 

HI. The Transfer of Training prom One Eye to the Other 
IN THE Development op Optokinetic Nystagmus 

Experiments by Wallin (36), Lashley (19), and Franz and Lay¬ 
man (11) have shown that visual habits established by stimulation 
of only one eye may be elicited, with virtually the same degree of 
promptness and completeness, by subsequent stimulation of the un- 
practiced eye. So far as the writer is aware, however, no attempt 
has previously been made to determine the extent to which specific 
visual responses which aie established in individuals possessing only 
monocular vision from birth "transfer,” if vision is later made 
possible in the previously unseeing eye and excluded m the previously 
seeing eye Conditions appropriate for obtaining information rele¬ 
vant to this problem were created by suturing the right eyelids of four 
squabs by the procedure desciibed in the first section of this paper 
By the time these birds were four or five weeks old, they were capable 
of efficient flight and normal feeding and defense reactions; in short, 
their behavior was quite indistinguishable from that of noi- 
mal squabs, except for the fact that the absence of vision on the right 
side of then heads caused their peering head movements (which 
serve very much the same function as voluntary saccadic eye move¬ 
ments m man and most other mammals) often to be at extreme 
magnitude, due to the necessity of turning the head through approxi¬ 
mately 180“ in ordei to have vision on the right side of the body. 
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Since tlic buds desenbed in Section I dcvclnpcsl .i peifi’ctlv norni.il 
vestibulai nvstngnms cles.|>itc the exclusion of VKion fioni Imtli eyes, 
It did not seem likclv chat the exclusion of vision fiom onh one cve 
A\ould affect the dcvelopmmt of this lesponsc Conseiiucntlv no 
attempt was made to test this icactioii ii\ tlic foui birds )\ist icfeiied 
to HoMCvei, .1 caicful study was made of their lesponsivcnoss to 
the revolving cyliiidci dcsciibcd in Section II Diinnj; these stnilics 
It was found that when the cvlindci was rotated in tlic ilockwisc 



RLCORDS S, 6, 7, ANM> S 

Record S was olMflinetl bv rotating .» visual ««sirotnncnt lu tlic clockwise 
(lircLlion nhoiit a jive-tveelCH-olcl Mpial in which vision in the ughl cve had 
been exchuled from tlic tune of hatthing hj means of eyelid suture Rccoid 
6 was obtained hv rotating the environment m the countciclnckwise direc¬ 
tion A few mmiilcs after Records S and 6 wcie secured, llie lord's left 
eyelids were sutured together and the evclids of the right c>c opened 
Record 7 was then oblnincd hi rotalinp the cnviionmcni ilockwisc, and 
Rccaid 8 h\ rotating it coiiiitciclockwisc 


diicction, that is to sav, towMid the beak on the side nf tiie seeini? 
(left) eye, .ill foui buds showed a faul\ vigouius optokinctis, nys- 
ta}>;inus, of which Recotd 5 is repieseiitativc Tli.it this tesponsc \v.is 
not, howcvci, ,is vigoious as that obtained from birds possC'SuiK 
vision in both eves (Record 2) is perhaps onclerstandablc Ihit 
W'liiit came as a complete siiiprise -was the finding tlmt when tlic 
cvlinclcr W’.as rot.itcd in the counterclockwise diicction, tliat b to sav, 
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/izu/jy from the beak on the side of the seeing cj'e, the lesponse was 
very slight and highly iiiegulai, as is shown in Recoid 6, 

After the above obseivahons had been completed for each of the 
four birds, they weie put under light ether anaesthetic and the 
stitches lemovcd fiom the nght eyelids and the lids of the left eye 
sutured. Approximately a quaiter of an lioui latei, aftei they had 
lecovered fiom the anaesthetic, the birds were again tested foi 
optokinetic nystagmus In .v inannei pcifectly consistent with their 
cailicr pcifoimsvncc, they now showed little oi no lesponsc to 
movement of the cvUiider in the clockwise direction, i e., away from 
the beak on the side of the seeing (nght) eve, but gave a lively 
response to movement of the cj'lindci in the countciclockwise direc¬ 
tion, i,e , towaid the beak on the side of the seeing eye, as is shown 
lespcctively in Rccoids 7 and 8 

When these buds which had picvlously had vision in only the 
left eye and which now were given vision in only the right eye we:c 
tested under oidiiiaiy clicumstances, their behavior was in stiiking 
contrast to that obscivcd when the sutures weic icmoved from the 
cveUcis of the birds picviousIy possessing vision m neithei eye (Sec¬ 
tion II). Although their icsponses weic not quite so W'cll co- 
oidinated as they had been with the left eye open, nnnnediatelv aftei 
the light eye was opened (and the left eye closed) tliese buds 
avoided obstacles placed in then pathway, flcvv and alighted without 
mishap, pecked up scatteicd grams, showed the usual flight leactions 
when appioaclied bv the expciimenter, and, in geneial, behaved 
very much as they had befoie vision was shifted fiom the left eve 
to the light eye That the aiea of efficient vision w.is not quite so 
gicat in the light eye as it had been in the left was evidenced by the 
fact that It seemed nccessaiv for the birds to look moie ducctly at a 
given object in oidci to sec it than foimcilv. This dcficieticv in 
pcripheial vision i.apidly disappcaicd, liowevei, and was not de¬ 
tectable after 24 to 48 houis 

Visual responses acquired thiougli the functioning of only one 
eve aie thus seen to “tiansfcr” almost completely to tlie other, pre¬ 
viously unseeing, eve This finding aaords with the lesults of 
the investigations cited at the beginning of this section, which indicate 
that the same relation bolds in cases wlicie a given habit is acqiiiied 
with the vision of the unpracticcd ey'c eliminated only dimng the 
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period of practice of the other eye. In passing it may be mentioned 
that the tendency on the part of the young pigeons just described to 
react more vigorously to movement of the visual environment in 
the direction toward the beak on the seeing side than \n the oppo¬ 
site direction has also been observed by the writer in adult birds 
which had had normal visual experience. This phenoinenon, liow- 
ever, has been discussed in another paper (28) and will not be 
further consuleied here 


IV Summary 

Pigeons which have been reared to five weeks of age with vision 
excluded by means of eyelid suture sliow a vestibular nystagmus m 
response to bodily rotation •whwdi is both quantitatively and qualita¬ 
tively indistinguishable from the vestibular nystagmus elicited by 
similar stimulation in birds of the same age which have been reared 
with noiinal vision. The supposition that the development of this 
type of response is dependent upon a learning process in winch vision 
plays an essential role is thus controverted. Various other possi¬ 
bilities of explaining the origin and development of vestibular nys¬ 
tagmus on the basis of learning have been considered but have been 
found to be inconsistent with die experimental facts. In the absence 
of any evidence to the contrary, it appears necessary to conclude, 
tentatively at least, that the development of this type of response 
IS dependent primarily, pcihaps exclusively, upon the inherited pat¬ 
tern of organization of the nervous system 

Pigeons which have been reared to six weeks of age witli vision 
excluded by means of eyelid suture show, immediately after the 
removal of the stitches, (n) normal pupillary reactions to changes 
m light intensity, (4) no fcai or avoidance reactions, and (c) a very 
feeble, irregular optokinetic nystagmus. Within three days after 
the removal of the stitches from the eyelids, tlicse buds develop a 
normal optokinetic nystagmus and normal fear and avoidance re¬ 
actions, The rapid development of these reactions after vision is 
made possible apparently comes about as a result of learning At 
least this can be said, that, if mcTturational factors are also involved, 
they alone are not sufficient to bring these responses to functional 
maturity 

It is pointed out that the fundamental difference which is thus 
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evident in the way in which vestibular and optokinetic nystagmus 
develop might have been predicted on purely neurological grounds. 

Visual responses acquired by pigeons which have been reared to 
SIX weeks of age with vision in only the left eye appear to "transfer" 
almost completely when vision is shifted to the right eye. This 
finding agrees with the results of earlier experiments on intra-ocular 
transfer of specific visual habits acquired with vision excluded from 
the non-practiced eye only during the period oi training. 

When a visual environment is lotated around a pigeon in which 
vision is permitted in only one eye, the bird shows a much more 
vigorous optokinetic nystagmus when the environment moves to¬ 
ward the beak on the side of the seeing eye than when it moves in 
the opposite direction. The probable explanation of this phenomenon 
is discussed elsewhere 
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THE INFLUENCE OF A “VOLUNTARY" REACTION 
UPON THE DEVELOPMENT AND THE EXTINC¬ 
TION OF THE CONDITIONED EYELID 
REACTION* 

Ffotn ihe Ps^cholngtcal Laboratory of Obcrhn College 


Joseph Miller and L E Cole 


Introduction 

This study was oiigiually undertaken in an endeavor to discover 
a method of establishing relatively stable conditioned responses, and 
to discover the factors which produced the stability. The lid re¬ 
flex, originally conditioned by Cason in 1922, and Inter used by 
a number of investigators of conditioned responses, was selected. 
An earlier study in the Oberiin laboiatory^ had shown that a com¬ 
plex stimulating situation, while not increasing the stability of the 
response, leads to greater frequency of appearance than does a single 
isolated conditioned stimulus. It was desirable in the present study 
to obtain a high frequency in order to base all results regarding 
stability upon a well-established response which would not icquire 
a large number of sittings for its establishment. Theicfore, a se¬ 
quence of stimuli of three modalities, sound, light, and tug, regu¬ 
larly preceded the unconditioned stimulus during the course of con¬ 
ditioning 

Review of the Literature 

In 1928 Schlosberg (13) reported a study of the conditioned 
knee-jerk in which the movement was “facilitated” by a voluntary 
reaction to the conditioned stimulus. As one of his conditioned 
stimuli Schlosberg employed the blow administered by a weighted 
stylus which fell upon the subject's hand 0 2 seconds before the blow 

*Accepted for publicalion by Carl Murchison of the Editorial Board, and 
received in the Editorial Office, October 9, 1935 
lAn unpublished report on the conditioned eyelid re/lex on die in the 
Oberlm Psychological Laboratory In this study tlic method employed by 
Bernstein (1) paralleled except that two continuous and changing 
stimuli were used in place of the momentary click which Bernstein used 
as the conditioned stimulus. 
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on the patellar tendon His subjects weie instructed to respond by 
lifting the stylus immediately after it struck, The results of this 
procedure, when compared with those of subjects who did not lift 
the stylus (“non-facihtated” group), showed that the effect of the 
hand movement was to produce consistently highei frequencies. The 
same results were obtained from other forms of facilitation such as 
clenching the fists, or saying "Ah " Schlosberg reported that no 
stable conditioned responses were formed in any of the procedures 
Wendt (19) reported a study of the conditioned knee-jerk in 
which both knees were stimulated, one very shortly before the other 
With repeated stimulations the first blow came to be the conditioned 
stimulus for the kick of the other leg Here, as in Schlosberg's ex 
periraent, there u'as a concomitant muscular activity, namely, the 
reflex kick of the leg which received the first blow. Such a move¬ 
ment, although not voluntary in this case, should also prove to have 
a facilitating effect.^ Wendt found that a conditioned response ob¬ 
tained under these conditions was unusually stable; one subject re¬ 
sponded at least 400 times without reinforcement, and another re¬ 
tained the response over an interval of four days ® 

Hudgins (5) succeeded in conditioning the reactions of the human 
ins to various stimuli, among them hand contractions against a 
dynamometer, and vocal and sub-vocal veibai reactions He suc¬ 
ceeded in reducing a complex of conditioned stimuli to the simple 
case of sub-vocal self-stimulation, the conditioned response remain¬ 
ing intact throughout. He found, in fact, that at this last stage of 
the conditioning procedure the response was much more resistant 
to extinction than it had been at any of the previous stages, and that 
one subject acquired the ability to report correctly and control com¬ 
pletely the diiection of change in the diameter of the pupil Fur¬ 
thermore, this control persisted for some time 

“This investigator did study the facilitating and inhibiting effect of the 
double stimulation with reference to the amplitude of the reflexes, but 
there wes no comparison of the conditioning with the simpler situation in¬ 
volving only the one leg Cf. Schlosberg 

*Thia was the case only with the ‘'unilateral secondary responses " Wendt's 
long latency response, the "true" conditioned response, was rapidly extin¬ 
guished. Wendt considers the persistent response “different from the con¬ 
ditioned reaponscs usually described,'' probably “an exaggeration of a reflex 
discharge normally present in the knee-jerk so that it does not show nega¬ 
tive adaptation to a marked degree" (19, p 68-69) 

'Steckle and Renshaw (17) hove failed to corroborate Hudgins’ findings 
They report that they could not establish a clear-cut iridic conditioned re- 
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One of Hudgins’ control experiments is germane to this report. 
He found that, when the hand contractions were omitted from the 
regular procedure in the transition from the first to the second 
step of his experiment, there was no conditioned response after 410 
trials, aftei the hand contractions iverc introduced, tests showed 
conditioning to be present after only 80 trials. 

When the results of the expenments discussed in this review are 
compared with those of a great number of other studies of tile con¬ 
ditioned icsponse, it becomes evident that muscular activity on the 
part of the subject, induced by instruction, may well affect the 
stability of the conditioned icsponscs obtained, It was the aim of 
this study to vary systematically the conditions of tlic movement and 
note the results with rcgaid to frequency and stability of the con¬ 
ditioned response 

The movement used was a flexion of the wrist and middle finger 
of tlie left hand In one group this movement led directly to the 
unconditioned stimulus (shock); the completion of the hand move¬ 
ment closed the shocking circuit, into which the key manipulated by 
the subject had been wired In a second group the hand movement 
legularly preceded the shock, but was not directly related to it, since 
the shock was administered from the chronoscope after each tug. 
It followed the tug by an interval long enough to permit the hand 
movement to precede the shock. Two control groups were in¬ 
cluded; in one there was no hand movement during the entire 
sitting, in the other the movement was employed to administer the 
shock during training, but was inhibited by the subject duiing the 
test trials 

Apparatus 

The apparatus employed was designed to administer the follow¬ 
ing stimuli and to record the several responses made: a light, a 
mechanical tug against the left wrist, and an electric shock to the 
right cheek A Bergstrom chronoscope was used to control the 
intervals between stimuli. Records were taken with a kymograph. 

spouse, much less n stable one under the subject's control Hudgms has 
since published a note on Steckle and Renshavr’s study (£) Recently Hud¬ 
gins concluded a series of check experiments (August 1935, unpublished) 
in which he again obtained conditioned pupiflory responses, and carried 
them through all the stages of training. 
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The first stimulus in each trial was the flash of a S.S-volt flash¬ 
light bulb which was inserted into the screen behind which the sub¬ 
ject sat. The bulb was fixed at tiie level of the eye of the subject 
m sitting position It was activated by two dry-cells; the circuit 
was closed by the action of a “dog” switch placed directly under the 
releasing ratchet of the chronoscope so as to flash the light at the 
moment the pendulum began its swing The bulb was covered 
with a bit of adhesive tape to avoid glare. The closure of the light 
ciicuit was recoided on the kymogram by means of a signal magnet 
wiicd in senes A knife switch made it possible to run controls in 
which the light was omitted. 

The second stimulus m each trial was a tug on the subject’s left 
wrist, which ivas fitted into a leather wrist-band, and suspended by 
means of a wire and wire hook from one end of an aluminum lever, 
16 inches long, pivoted at the center, and supported on a ring stand. 
From the other end of the lever was suspended an iron plunger 
which served as the core of a solenoid. The suspension wires were 
so arranged that one-fourth of the length of the plunger was in the 
field of the solenoid when the subtect’s wrist rested on the table 
Thus a closure of the solenoid circuit drew the plunger into the field 
and administered a sharp upward tug to the wrist 

Figure 1-5 is a wiring diagram of the tug circuit The current 
flowing in the circuit was regulated by means of the 600-watt heater 
coils in. scries with the solenoid. With one coil in the circuit the 
pull was limited to 600 grams, instantaneously exerted. This pull 
constituted a distinctly sensible stimulus every time ” A signal mag¬ 
net was used to record the incidence of the tug. A glass enclosed 
tungsten wire electrode was attached to the shaft of the chronoscope 
pendulum so that its exposed end was carried through the mcrcurv 
trough (fiG), thus closing the circuit and activating the solenoid. 
As the pendulum completed its swing a key (A) situated at the ex¬ 
perimenter's left hand, was opened by hand so that no tug would be 
administered on the back-swing.® The time interval between the 


'T'he mg occasionally caused winking before the conditioningt beean See 
Note 17. 

"Such a lug was inadvertently given four times during the entire expeii- 
ment, never more than once to any subject 
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FIGURE 1 

light and the tug could be adjusted by means of a set-screw in the 
frame of the clironoscope. 

A wiring diagram of the shock circuit is shown in Figure 
The current from a 1 lO-volt source was limited by the 25-watt light- 
bulb (25/F) and led to the filament of a rectifier tube, type 112//. 
The shocking current was the discharge of a 5'nifd. condenser, the 
rate of charge of whicli was controlled by a resistance of one megohm, 
which permitted the condenser to reach maximal charge in three 
seconds The intensity of the shock could be varied by means of a 
50,000-ohm variable resistor. 

A current mtensitv slightly above the wink threshold was selected 
by pielimin.iry test^ on subjects not used m the experiment This 
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sWk never bailed to eliat the reflex wink during the experiment^ 
and was rcpoited by each subject as causing little discomlort. The 
duration of the shock was never more than ten sigma, which helped 
to reduce the disagreeable effect ol electrical stimulation 

Zinc electrodes, wiapped tn gauze and soaked in salt solution, 
were used The negative electrode, elliptical in shape (1 cm. x 3 
cm ) was applied to the skin over the bony prominence below the 
right orbit The other electrode, rectangular in shape (3 cm x 
8 cm ), and curved to fit the arm, was applied to the surface of 
the right foiearm. 

The shock was recorded by means of a signal magnet which could 
be activated by a cuirent of 20 milliamperes’ intensity. 

The sboTt-circuitmg switch (x-circ key, Figure \-A) was used 
to take the subject out of the shocking circuit at times when he 
might inadvertently shock himself by random manipulation of his 
key, principally between trials m group III. 

The eye-wink was recorded pneumatically by means of a svstem 
whicli was a modification of the one described by Bernstein (1, pp. 
175-178). Changes were made to decrease the mass of the unit, to per¬ 
mit it to move more fieely, and to eliminate all tensions which might 
distort the lid movement or its temporal characteiistics. The move¬ 
ment of the lid was transmitted to the membrane of the head-end 
tambour through a lever made of a bamboo splint 5 cm. long ,and 
less than I mm. u\ diametei. One end of this lever was at¬ 
tached to the upper hd of the right eye by means of a bit of adhesive 
tape, the other end to the membrane of the tambour through a 
pivot-joint made of bamboo and celluloid, the total mass of which 
was negligible. The membrane was cut from animal tissue (lamb¬ 
skin condom), soaked first in an ether-alcohol solution to dissolve 
the fatty tissue, and then in glycerin to render it soft and pliable for 
a long period of time The membrane was loosely applied to the 
tambour so as to .avoid all tension and permit the lid-lever to follow 
directly all movements of the lid The total mass of the head-piece 
(including the strap whose mass was evenly distributed about the 
head) was 73 giams No subject reported any discoiufoit from 
either the strap or the lid attachment. 

Two lubjecU showed a tendency toward inhibition of the reflex wink to 
show during the training period, They were Boy, in Group III, and Ran, 
in Group 11, * 
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Such a recording system has the great advantage of being liglit, 
readily adjustable in all dimensions, and free of friction, tension, 
and tile momentum of rapidly moving parts Perhaps its greatest 
advantage for recording the movements of the hd is that it requires 
no head fixation, permitting the subject to change the head posture 
at any time without inteifenng with the recording, and greatly 
reducing fatigue and consequent diflicuUics. 

The movements of the tambour diaphiagm were transferred to 
the kymogiam through 250 cm. of glass and rubber tubing and a 
pneumodcik ® 

Illustrations of typical records obtained arc presented in Figure 2. 
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FIGURE 2 

Lemcth o? Original Tracing, 12 cms 
Subjects 

Forty-two persons served as subjccB, each for only one experimen¬ 
tal sitting, -wliich lasted from 40 to 90 minutes All subjects were 

^Glass tubing of 10*mm bore was used wherever possible Large bore 
rubber tubing was used for joints and portions of ihc line where flexibility 
was needed Expencrce in the Oberbn Psychological Laboratory has shown 
that the iinpulsc transmuted through the line by a high speed movement is 
a condensation-rarefaction wave with many characteristics of a low-fre¬ 
quency sound wave. Preliminary tests made while the apparatus was being 
Assembled showed that the large bore glass tubing gave ca 30 per cent 
greater transmission efficiency than rubber tubing of smaller bore The 
pnciimocleik used in this study is essentially the same as the original model 
described by Hudgins and Stetson (7) 
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students in Oberlin College, three were acquainted with the prob¬ 
lem, while 39 were naive m this regard They were divided into 
the four groups which follow* 

Group I Ten undergraduate atudents, ihiee male and seven 
female, All but one (Fol) were naive as to the concept of con¬ 
ditioning and the puipose of the experiment 
Group IL Fifteen students, eight female and seven male 
All but one (Spar) ivere naive with regard to the noturc of the 
expetimetu 

Group III. Ten students, four female and six male, Two 
were graduate students, the rest undergraduates, all were 
nnive regarding the purpose of the experiment 
Gtoup If. This group was limited to seven students whose 
performances were very consistent and showed clearly the 
diffcierces sought Six were male, one female, all were stu¬ 
dents In the 1935 summer session. All weie naive regarding 
the nature of the etperiment. 

Procedures 

Grwip I. In this giotip there was no hand movement The cus¬ 
tomary pairing procedure was employed except that a complex of 
stimuli, rather than a single isolated stimulus, regularly pieceded 
the shock, ■which was administered from the chronoscope. This 
complex consisted of the starting sound of the kymograph motor 
(which must be counted a conditioned stimulus, although it was 
not recordeci or considered in the treatment of the data), the flash 
of the light, and the tug This group serves as a control, and should 
yield a relatively low frequency and stability if the hand movement 
proves to be a significant conditioning factor Tlie subject was 
instructed to find a comfortable posture and to rest his hand and 
left forearm upon the table, with one finger resting lightly on the 
key The left wrist was fitted into the wristband and the function 
of the band explained He was instructed to receive the tug 
passively, fixate upon the light, and to report any fatigue or discom¬ 
fort caused by the apparatus Regular rest periods were provided. 

The sitting was then divided as follows. 

I Four to eight trials with the light alone, to teat for re¬ 
flex winks to the light, the dram motor-driven. 
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2. Three to six trials of the light fallowed hy the tviR to 
test for win! ing to the tug The tug followed the light by 
0.7S see.® 

3 Three to su trials of the shock aloDc to test the adequacy 
of the stiinuliis The light was disconnected and the drum 
spun by hand, eUiTtinaiing oil visual and audUocy cues 

4 Fifty trials of the hght-tug—shock sequence 'Fhe inter¬ 
val between tug and shock was adjusted at OJS icc 

5 Light and tug, as many trials as were needed to extin¬ 
guish (he conditioned response 

Gionp 11. In this gxotip the subject respondcil to the tiij; by cloa- 
ing the key ciicuit. The shock was administered from the chrotiascopc 
al an interval of 0 375 see after the ttig Tins Rroup would give 
evidence of any difference between the mechanically administered 
and the self-administered shock A lower frequency or stability than 
in the self-shocking group cannot be the rc«iult of the difference m 
tune intervals between the conditioned and unconditioned stimuli 
since the experimental evidence preponderantly favors an interval 
of the order of 0.4 sec over one varying about an average of 0 2 
see (tlie average interval for the group in ivhich the sliock was 
self-administered) 

The instructions to this group were the same as to group I except 
in regard to the tug. The subjects were told to press the key ns soon 
as they felt the tug Prior to the training trials, controls were run 
just as in group 1, with the addition of three to six trials with the 
hand response to the tug, to check against any winking clicilctl by the 
combination of tug and hand response. The temporal sequence of 
stimuli was the same as in group I Experimental extinction of 
the conditioned response followed the training trials. 

Group III The same instructions were given ns in group Hi 
and the same preliminary controls were run The light preceded 
the tug by 0 77 sec The sliock was self-administered by closure 


The interval varied from subject to subject, from 740 to 780 sigma With¬ 
in any one silting the variation w.as never more than 10 sigma. 

^®The tug followed the light by 775 sigmn, varying for the difFerenl 
subjects from 760 to SOO sigma For one subject, Ruck, the tug electrode 
was accidentally moved by the ciperiraenter after the 40tti trial, changing 
the interval from 780 to 710 sigma, and with jt the tug-shock interval from 
370 to 440 sigma There was no perceptible effect 
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of the subject’s key, and the interval from tug to shock therefore 
varied as the subject’s reaction time to the tug. In no case was the 
average reaction time of any subject in group III as long as the inter¬ 
val from tug to shock m group 11 
The subjects in group III were not told that their hand movements 
would produce electrical stimulation Many inquired whether such 
was the case, but none were informed until the conclusion of the 
sitting, since all had been told previously that no inquiries of any kind 
would be answered until the sitting was concluded 

Group IV, The training procedure and experimental conditions 
followed with this group were in no way different from group III. 
At the end of the training period, however, each subject was told to 
inhibit the hand response to the tug by permitting the hand to rest 
passively on the key This group was run to determine whether 
the continued hand response was vital to the stability of the con¬ 
ditioned lesponse, or, in other words, to determine whether the lid 
reaction was conditioned to the tug (conditioned stimulus) or to 
the hand movement. 

Kymograph records were taken of all preliminary tests, and of 
each trial in the training and testing periods for all subjects. 

Results 

The form 0 / the Coiidiljoncd and Vnconditjoned Reactions. Fig¬ 
ure 2-A is a reproduction of a tracing taken from a reflex wink to 
the shock prior to pairing with the conditioned stimuli. The move¬ 
ment begins 45 sigma after the shock,reaches its maximal rate in 
about 10 sigma, and continues at a constant velocity until the closure 
IS complete. The constant velocity is indicated by the fact that the 
curve is a straight line from the point at which maximum velocity 
is attained to the end of the closing phase of the wmk.^® This char¬ 
acteristic is typical of all unconditioned reflex winks, and forms the 


cotrecton of 10 sigma has been made m reading the lid line, since 
th^ 19 the lag between the pneumaiic line and the timing magnet 

When a pivoted stylus is used to record movements of large amplitude, 
correction for arc distortion is necessary, especially at large angles of dis¬ 
placement, In the case of the eyelid response, however, the angle through 
which the stylus turns is very small and the distortion is below the limit 
of error of the recording system 
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pnncipnl basis lor differentiating between the conditioned and the 
unconditioned reactions with respect to form 

The momentum movement, the outstanding chnrncteristic of which 
IS the straight line tracing over the greater part of the excursion of 
the member, has been chfferentiated from the tense, or controlled, 
movement on tJie basis of the muscular action involved. It has been 
found that in the momentum movement the driving muscle (in the 
eye-wink reflev, the orbicularis) contracts to start the member on 
Its path, and thereafter remains telaxed wliile the member flies free 
to complete Us cxcuision. Foi this reason it iias been called the 
"ballistic” movement. Since both members of the antagonistic pair 
(or group) of muscles aic relaxed, the momentum attained by the 
moving member carries it through its excursion at a constant velocity 
until the movement is stopped, either mechanically (by the structural 
characteristics of the joint) or by contraction of one or more of tlie 
antagonists 

In the case of tl\c eye-wink, for example, the lid vs started from 
the poised open position by a sudden contraction of the orbicularis 
which ceases while the lid is m motion, so that the remainder of the 
descent of the member is carried out under conditions of muscular 
relaxation. The movement is stopped either by contact with the 
rim of the lower lid in case of complete closure, or by contraction of 
the levator which takes up the momentum of the downward move¬ 
ment and initiates an op«img movanent. 

The tense movement, on the other hand, is characterized by con¬ 
traction of both antagonists throughout the excursion. In the con¬ 
ditioned wink, for example, both the orbicularis and the levator arfr 
contracted during the entire movement, with the orbicularis com¬ 
ponent exerting the predominant force during the closure phase, with 
the contraction balanced while the lid is held in the closed position, 
and with the levator component predominant during the opening 
phase of the wink The tracing of such a movement will therefore 
show a gradual and often varying slope during the closing and open¬ 
ing phases and an irregular line while the fid is held in a fixed posi¬ 
tion. The irregularities in the line are due to the muscular tremors 
which may be demonstrated in. any tracing of a member held in 
position by muscular opposition, since the balance of forces beiween 
the muscles is never perfect. The winks in Figure 2 illustrate this 
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difference between the reflex and the conditioned reaction very 
clearly. It is to be noted especially that the initial phase of the con¬ 
ditioned response never gives the straight line tracing M^hich is seen 
in the reflex.^® 

The differences in form between the conditioned and unconditioned 
reactions as seen in Figure 2 confirm the general findings in this re¬ 
spect The curves published by Schlosberg (13), Wendt (19), 
Bernstein (1), and Hilgard (2) are strikingly similar.^^ 

The latency differences between the reflex wink and the condi¬ 
tioned response have been reported in many studies. A random 
sampling (400 winks) of the records of thirty of the subject^ tested 
in this study gives a reflex latency of 49 sigma, AD 44 sigma, for 
the wink to the shock here employed. This agrees with the latent 
times reported elsewhere (1, 2, 4). The conditioned response an¬ 
ticipated the shock in every case, and persisted until after the shock 
had been administered. This was characteristic of every well- 
established conditioned response recorded in this experiment. In 
some of the subjects it began by appearing earlier and earlier, de¬ 
creasing the latent time of the wink, until it Anally preceded the 
shock. Once it preceded the shock, it did so invariably.^® The 
latent time of the conditioned response has always been found to be 
much longer than that of the reflex Several investigators have re- 
poited It to be of the order of the voluntary response (1, 2, 19). 
Measurements of this value, taken from the subjects m group I, show 
it to be 304 sigma, A.D. 55 sigma (279 cases).^*’ This latency 
agrees with the general findings 

De-velopnient of the Conditioned Response. Eleven of the 42 
subjects in the four groups responded with the conditioned wink on 

”The discussion of (he muscle action in the wink is based m part on un¬ 
published action turrert records secured by L, E Cole and j M Snodgrass 
by methods developed in the Oberlin Psychological Laboratory. The reader 
interested in a detailed discussion of the two types of movement, tense and 
ballistic, will find it in the study by Stetson and Bouman (18) 

is interesting to note that the Conditioned winks obtained frora dogs 
by Hillard and Marquis (4) show the same straight line closure as do the 
unconditioned reflexes 

“For a discussion of this characteristic of the conditioned reaction see 
Hull (8). 

“The other groups were not used for these calculations because the hand 
movement influences the latent time of the hd response, as will be seen fcam 
the discussion of the two responses (hand and lid) 
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the second training trial. AU but two of these responses were of 
full amplitude, and, therefore, in these cases the conditioning might 
be considered complete upon the second presentation of the training 
vStimuU. Such results arc in agreement with those reported for con¬ 
ditioning an “investigatory reflex” in rats by Skinner (16) 

Nine subjects yielded their first conditioned response on the third 
trial, two subjects on the fourth trial, and seven on the fifth trial 
By the end of the fiist five training trials, then, the conditioned 
response had appeared in 29 of the 42 subjects 

Tile comparative rates of development for the four gioupb arc 
shown m Figure 3. It is to be noted that a period of slow initial 



TRIAL K'JHIIA 

PIOaRE 3 

rise uitli increasing rate of acceleration is not present m these curves 
Such curves, the S-shaped type, have been published by Kleitman 
and Crisler (9) for conditioned salivary reactions in dogs, by Wendt 
(19, p 43) for conditioned knee-jerks in human subjects, bv Hil- 



418 


JOSEPH MILLER AND L. B COLE 


gard (3) for the lid reaetion in human subjects, and by Hilgard and 
Marquis (4) for the lid reaction m dogs. The latter investigators 
consider this type of curve to be representative of all conditioning, 
regardless of the responses involved or the species of the subjects 
employed (p 53). 

There are several factors which may account for this difference 
between the curves in Figure 3 and those published by the investi¬ 
gators mentioned above. The explanation Ives vn the faot that vn 
none of the previous studies has such complete conditioning been 
accomplished in one sitting^ The factors which operate to produce 
80 per cent conditioning in the least conditioned of the four groups 
by the twentieth trial, and 100 per cent conditioning in two other 
groups by the twenty-fifth trial make the situation here employed 
more like the learning situation for which the characteristic curve is 
similar to those in Figure 3 It is true that the routine conditioning 
procedure, based upon the formula of stimulus substitution advanced 
by Pavlov, and following the traditional Pavlovian method, la repre¬ 
sented by an 5-curve of acquisition. This means merely that such 
simple pairing procedure somehow falls short of the situation found 
in simple motor learning This fact has long been held as one of 
the great weaknesses of the conditioned-response theory of learning, 
since the problem set in laboratory conditioning is simple enough to 
be solved without the protracted seance of Pavlov’s followers. 

In group I, where the hand movement was not employed, it is the 
multiple stimulation through auditory, visual, tactual, and kinaes- 
thetic channels, plus, in all probability, their temporal pattern (which 
permits the development of an expectant posture), which accounts 
for the steep rise of the curve. Since the difference between the 
various groups is rather slight for the initial portion of the curves, 
it is quite probable that the hand movement is not immediately 
effective. 

There is one important difference to be noted, however, between 
groups III and IV, on the one hand, and I and 11 on the other. 
The fluctuations in the curve for I indicate that from the tenth 
trial on, the frequency values lie within the interval from 60 to 80 
per cent. Group II also shows these fluctuations, but to a lesser 
degree; and, while it reaches the maximal frequency of 100 per cent, 
it is not until the end of the training, Groups III and IV, on the 
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otlier hand, arc quite regular and fiec from plateau'c; they reach 
the theoretical limit by the 25th trial, and retain the complete con¬ 
ditioning until the end of the training. It is evidently not the hand 
movement per se wliich produces tins phenomenon, since the hand 
movement is emploved in g'fO'iP H- The factor which is responsible 
for this difference will be discussed below. 

In group I the theoretic.!! limit of conditioning was not reached, 
but the acceleration was app.irently complete by the 20th trial. The 
failure to gain in frequency during the next 30 trials raises the ques¬ 
tion of the effect of repetition While it is possible that additional 
sittings would result in an increase in conditioning, raising the level 
to, or near, the point reached by the other three groups (19, p, 43), 
it is equally possible that further extension of the training v'ould have 
an opposite result. Many investigators have reported that pro¬ 
tracted training often results in progressive decrement of the condi¬ 
tioned response (11, p 234; 20, p. 99; 3; 15). 

The precise effect of concurrent movements upon the phenomenon 
of progressive inhibition in extended conditioning would be a prob¬ 
lem of considerable tlieorctical interest. 

frequency of the Conditioned Response No winks which ap¬ 
peared prior to the tug were considered for the computation of fre¬ 
quency, unless tliey endured beyond the presentation of the shock. 
Such cases were few in number, appearing in only 10 subjects a 
total of 21 times. Since these responses appeared among a total of 
more than 2500 recorded conditioned winks their frequency is evi¬ 
dently negligible. Only such responses as .ippenred after'tlie tug 
and before the shock, or, if after the shock, within less than a minimal 
reflex latency, were considered in these compulations, excepting the 
21 winks mentioned above 


^''Unconditioned reflexes to the light and to the tug^ appearing in the 
preliminary test periods, were shallow, of short duration, and subject to 
rapid negative adaptation They oho reappeared In the training sents 
and are in all probability lllustrationa of Hull's "type alpha conditioned r«> 
action" (8, p 431), Whether this response is to be considered a true con¬ 
ditioned reaction m the sense that repeated pairing of the conditioned and 
unconditioned stimuli is necessary for their "sensitization" Is an open ques¬ 
tion (1, p 184-186) AH of these responses were excluded, however, irom 
the present computations 

In Figure 2-/7 the basis is apparent for diferentmtion between the short- 
latency "type alpha" tespon^w, ami the longer latency response which Is 
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Table 1 shows the frequencies and stabilities of the conditioned 
response for the four groups It is evident that the frequencies are 
higher than are ordinarily reported in the literature This is pre¬ 
sumably due to the fact that the situation here employed is more 
complex, and of such a nature as to be conducive to conditioning. 
In the first group the situation is similar to that customarily em¬ 
ployed in that there is no complication by the band movements The 
interval from tug to shock is 385 sigma for nine of these subjects, 285 
for the tenth. These values lie within the optimal range of inter¬ 
vals as reported by Bernstein (1), Hilgard (2), Schlosberg (13) 
and Wolfle (20) The amount of conditioning elicited in this 
group IS greater than that reported in any of those studies, with the 
exception of Sclilosberg's results when the voluntary movement is 
involved. This result can be accounted for in two ways: Either 
the stimulus pattern (motor-light-tug) causes the greater condi¬ 
tioning, 01 the tug IS a stimulus of such a natuie as to take on the 
aspect of a conditioned stimulus very readily and with great fre¬ 
quency While it may be that the latter is the case, the writers are 
inclined to believe that the stimulus pattern is the effective factor, 
since the mechanical blow on the hand employed by Schlosberg (13) 
gave low frequencies when not facilitated. Successful conditioning 
of such a stimulus pattern has already been reported (II, pp. 145- 
147). The main interest in the Russian studies of this pbenomenon 
has been the ability of the subject to dia:nminate one pattern from 
another, eg, the same pattern m reversed order, or segments of one 


here considered as the conditioned reaction. Occasionally the two responses 
tended to merge, the curve failing to return to the baseline by the time the 
second reaction began. 

A second type of wink is elicited, by the light. It is of longer duration 
(.iverage value determined from 264 winks, 438 sigma, A D. 109 sigma) 
This response was never foond in the pretrainmg trials, it was acquired 
by 19 of the 35 subjects during training. This response to the light is also 
excluded from the computations of frequency and stability for the follow¬ 
ing reasons'. (1) It is clearly not the main lesponse developed since it ap¬ 
pears so infrequently in comparison with the conditioned response to the 
tug. (2) The duration of the movement was so short that the member was 
invariably at rest by the onset of the tug, and, therefore, the response never 
closely anticipated the shock, or overlapped the unconditioned reflet (3) 
This response, when it did appear, vras not persistent, even through a single 
training period 
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TABLE I 


FRFQUENCY and STARILITY Ot CONDITIONEO RPSPONStS IN TllF FOUR GROUPS 


Gp 

Sub 

% edng 

Sta 

Gp. 

Sub % 

edng, 

Sta, 


Gann 

70 

1 


Guth 

9+ 

63' 


Vau 

SO 

1 


Cur 

86 

57* 


Cro 

80 

2 


Ebe 

88 

97* 


Ilaw 

74 

5 


Hei 

98 

20 


Shop 

80 

3 


Ups 

84 

106* 

I 

Rak 

%i 

2 

Ill 

Gal 

i% 

23 


Riis 

83 

3 


Ben 

90 

SS* 


Fol 

09 

13 


Boy 

78 

8 


Faw 

24 

1 


Sclir 

94 

37 


Lyo 

66 

19 


Zor 

98 

43 


Mean 

69 

5.0 


Menn 

90 

50 9 


SD 

18 4 

58 


S,D. 

60 

30 3 


Rude 

90 

17 


Don 

72 

0 


Tur 

78 

27 


Jms 

76 

1 


liar 

82 

28 


Fric 

96 

1 


Sho 

92 

i 

lY 

C«y 

98 

1 


Spci 

88 

16 


Wing 

94 

8 


Dice 

82 

28 


Raw 

96 

2 


Wms 

84 

19 


Con 

90 

2 

It 

Cap 

62 

16 



— — 

— 


McK 

92 

92» 


Mean 

89 

21 


McCl 

90 

27 


SD 

8 1 

2 47 


Kai 

i6 

17 






Ran 

14 

8 






2«I 

88 

14 






Kiel 

80 

4 






Need 

88 

55* 






Mean 

80 

24.6 






SD 

190 

219 






Gp —Group 
Sub,—Subject 

% ccing.—Frequency in cite training period, in per cent 
Sta —Stability 

•Excmction incomplete at the time the sitting was terminated 

pattern with other parts omitted It has been found^® that the 
complication of tlie conditioned stimulus results in greater condi¬ 
tioning (10) The result obtained in group I confirms the previous 
finding that, when not one stimulus, but a sequence of stimuli, regu- 


'Tavlov speaks briefly of the summation effect of multiple conditioned 
stimuli (12, p 91). 

“See footnote, p. 405 this article 
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larly precede the unconditioned stimulus, there is a definite increase 
in amount of conditioning. 

Of greater interest in this study, however, is the fact that, in the 
three groups in which the movement of the hand was a part of the 
situation, the percentages of conditioning are consistently higher than 
in group 1. Owing to the fact that in two of tlie groups the indi¬ 
vidual variations are rather great, only two of the differences are 
statistically reliable, namely, those between groups I and III, and 
I and IV. Table 2 shows the critical ratio of the first difference 
to be 3 49, that of the second, 2 94. 


TABLE 2 

Differences between Groups With Respect to 


Groups 

Frequency 

D 


Stability 


MI 

11 

7 54 

146 

196 

5 95 

3 35 

Mil 

21 

£02 

3 49 

4S9 

9,72 

4 72 

MV 

201 

63 

2 94 

2.9 

2,05 

141 

II-III 

10 

5,2 

1 9 

26 3 

111 

2 37 

IMV 

9 

612 

147 

22.5 

5 73 

3 93 

III-IV 

1 

4,12 

0 24 

48 8 

9 59 

5.1 


D—Difference 

Standard error of the difference 


The critical ratio of the difference between I and IV is reduced 
by the fact that only seven subjects were employed m group IV. 
Since III and IV may be considered as one group with regard to 
training, the reliability of the difference between group I and the 
combined group, III and IV, may be computed The critical ratio 
is 3,36. With regard to frequency, then, there is a leal difference 
between the procedure in which the shock is self-administered at the 
termination of the hand movement and the procedure from which 
the hand movement is omitted. 

There is also another difference, namely, in' the reliability of the 
averages involved, In groups I and II the averages are least reliable, 
P.E.’s being 3.91 and 3,30 respectively. For the combined group 
III and IV the P.E. is 1.28. The respective ratios, Av./P.E.ov> 
are 17.6, 24 2, and 69.5,®° This latter represents a reliability sel- 


“ror group III alone the ratio would be aa great, 70 8. 
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dom found in tlie literature on conditioning, and indicates that the 
method of self-shocking offers a technique for conditioning, the re¬ 
sulting frequency and cansistency of which are beyond the means of 
the routine pairing procedure for a single practice period of 50 trials. 

It has already been stated above that the sclf-administercd shock 
groups reach the theoretical maximum of conditioning early in the 
sitting, and maintain that maximum. It was also stated that this 
phenomenon did not appear in gioup 11, and that, therefore, not 
the hand movement per se, but one or inoic particular aspects of 
the movement as it functions in each situation, were icsponsiblc. 
The difference to be sought is between the self-shocking method of 
group III and mechanically shocking method of group II 

Such factors as knowledge of the situation, or insiglit into the 
self-shocking appear to be of no influence since all subjects in group 
II who were ciuestioned nt the close of the sitting stated that they 
had been shocking themselves by means of the key. 

The explanation is to be sought in the difference In the temporal 
relations between the two groups. These relations may be shown 
schematically: 


Group II (Time values in sigm.T) 
- 375±J0 —- •¥{ 




tug 

^•_77S—110 to—? 
±5 580 

reaction 
time 


blind 

<-—255 to —> 
—205 


shock j 

47±3 5—^ 
reflex i 

latency 


reflex 

wink 


It may be seen from the schema that llie intervals from tug to 
shock and from tug to wink arc fixed (the A.D. of the reflex 
latency is only 3.5 sigma). The intervals from tug to hand and 
from hand to wink vary as the reaction time of the subject to the 
tug from trial to trial. The range of averages for the 15 subjects 
is from 155 to 329 sigma; cases where the subject "jumped the gun" 
and actually anticipated the tug were not counted m the compu¬ 
tation of the means. For each subject, then, the interval from the 
hand movement to the lid movement might vary from trial to trial 
with the individual reaction time to the tug. Such vanattonf were 
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mechanically impossible in group III. This may be seen from the 
schema: 

Group III (Time values in sigma) 

light tug liand shock reflex 

4—770±5—> 4—95 to—» 4—45±6—> <—51±3 2—^ wink 
670 

reaction lag of key reflex 

time latency 

The differences between the groups are apparent The intervals 
which were fixed in group 11 are variable in group III, varying as 
the reaction time of the subject from trial to trial. For the ten 
subjects the averages range from 165 to 370 sigma. And the inter¬ 
vals which were variable in group II, hand to shock and hand to 
wink, are fixed in group III Thus, from the beginning of train¬ 
ing, the hand and lid are forced into a temporal pattern of activity, 
a constant time relationship •within the limits of which the conditioned 
response must be fitted as it appears and develops It is this time 
relationship which is responsible for a coordination of these two 
movements, of the hand and the lid, the results of which are a high, 
and consistently high, frequency, and, as will be seen below, ati 
unusually high stability. 

The lag of the key and the latency of the reflex separate the two 
movements by 80 to 110 sigma (av, 96), with the hand preceding 
the lid But, since it is ati invariable tendency of the conditioned 
response to anticipate the unconditioned stimulus where conditions 
permit, the disparity between the hand and lid is reduced. It might 
be expected that the conditioned reaction would continue to move 
further forward, but it is presumably cued by the tug, and with the 
long latent time of such responses, of the order of a voluntary re¬ 
sponse, it comes to rest in the neighborhood of the hand movement 
Therefore, the result of training in this self-shocking situation (and 
very few repetitions are really necessary; see Figure 3) where three 
factors, via., initially close temporal relation, the anticipatory ten¬ 
dency of the conditioned reaction, and the latency of the conditioned 
reaction, force the two movements into a rough synchrony—the 
result of training in this situation is the integration of the two move¬ 
ments into a single segment of the posture which is induced in the 
subject by the instructions (Le, relative to the hand movement). 
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Such an integration provides the basis for more thorough conditioning 
than is customarily obtained. (Discussed again below, in connection 
with stability, and with reference to Figure 5). 

The Stability of the Conditioned Response. Table I shows also 
the stability of the conditioned response In each group. Stability is 
here defined in terms of the number of conditioned responses appear¬ 
ing in successive unreinforced trials until extinction is complete. 
Three successive failures to respond was the criterion of extinction. 
This provides what has come to be known ns "extinction beyond 
zero" (11, p. 57). 

The testing period began without delay at the conclusion of train¬ 
ing, and continued until extinction was complete, except for the seven 
subjects designated in Table 1, With these subjects it is obvious 
tliat the assigned stability values are incorrect, and tend to lower the 
averages in these two groups. 

The mean stability fn group I is seen to be near the usual value ob¬ 
tained in such a situation (1, 5, 19, 9). This average is of very 
little significance m view of the large individual variations. In eight 
of the ten subjects, however, the tendency toward very rapid extinc¬ 
tion is quite clear. The median value of 2.5 conditioned reactions 
probably represents more closely the true central tendency for this 
situation. 

For gioup II the reliability of the mean value of 24.6 is also im¬ 
paired by the individual differences, the range of wlitch extends from 
1 to 92. Table 2 shows, however, that the difference between 
groups I and II is statistically reliable, the critical ratio being 3,35. 



FIGURE 4 
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Figure 4 also indicates the difference in rate of extinction between 
these two groups On the basis of the difference shown in Tables 
I and 2, and the comparative rates of extinction as seen in Figure 
4, It may be concluded that the situation employing the hand move¬ 
ment yields a conditioned response more resistant to extinction than 
does the simple pairing technique. 

The greatest individual stability and the gieatest group stability 
are to be found in group III, the former being 106 and the latter 
50 9 conditioned responses. Figure 4 shows that the extinction m 
group III IS a smooth and continuous process, lacking the period of 
negative acceleration which is present in the other groups to a greater 
or lesser degree A line of “best fit," applied to the extinction curve 
for group III, would be a straight line with a negative slope of 0 5. 

It IS seen m Table 1 that the standard deviation for group III is 
also rather large. Despite this fact the difference from group I is 
apparent. The critical ratio of this difference is 4.72. The differ¬ 
ence between II and III falls short of statistical reliability, the 
critical latio being 2.37 It must be remembered, however, that this 
ratio is lowered by the failure to teach extinction in five of the sub¬ 
jects in group III, as against two subjects in group II It may also 
be noted that Boy was the only one to develop an unstable response 
in group III This subject was also one of two who, m the entire 
group of 42 subjects, developed an active inhibition to the shock dur¬ 
ing the training In Boy the unconditioned reflex to shock decreased 
rapidly in amplitude during the first ten trials and soon disappeared 
It reappeared as the training proceeded. Since the computations are 
based upon all subjects rather than upon those who developed onlv 
positive conditioned responses (no such criterion having been chosen 
at the start of the experiment), Boy’s records could not very well 
be rejected, despite the fact that his behavior was atypical 

Had it been possible to continue the sittings which weie terminated 
before extinction was comidete, the difference between the averages 
for the two groups would have been greater, especially since Ups 
and Ebe showed little sign of approaching extinction at the conclu¬ 
sion of their sessions. The other three subjects, as well as the two 
in group II, would have yielded greater stabilities than was actually 
the case. The question of the existence of a genuine and reliable 
difference in stability between groups 11 and HI should be cleared up 
by collecting more data 
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It has already been stated that III and IV belhive as one group in 
regard to the rate of acquisition and the amount of conditioning 
This may be seen in Figure 3 and Table 1 When the hand move¬ 
ment, which produces the shock m both groups during training and 
continues as part of the testing situation in III, is omitted from the 
test tn'als in IV, a startling difference results The mean stability 
of group IV IS 2.1, the extinction late is steeper than in any other 
group. The conditioned response, although as fully developed in 
training as that in group III, is almost immediately extinguished. 

This group was included in the experiment to determine whether 
the hand movement was vital to the continuance of the conditioned 
response when once established. It was considered possible that the 
thorouglily establislied conditioned reaction would resist extinction 
even if the hand movement were omitted at the conclusion of train¬ 
ing. Tile inclusion of this group is therefore crucial for the ques¬ 
tion of the integration of the two movements, hand and lid If 
such an integration does arise in the practice period, elimination of 
the one movement during the tests should also eliminate the other. 
The results obtained show very clearly that the elimination of the 
hand movement in the test trials radically alters the stability of the 
conditioned reaction It is thus obvious that in such a situation as this 
(groups III and IV) the customary view of tlie conditioned reaction 
as becoming linked to, and later evoked bv, a previously inadequate 
stimulus, the conditioned stimulus, needs modification The evi¬ 
dence, taken from the comparative stabilities of groups I and III, 
and III and IV, points to a relationship between the conditioned 
response and another reaction system, in this case the hand response 
The difference between I and III must indicate that tlie hand 
movement provides a reaction system into wliich the conditioned 
response may be integrated as it develops. That the conditioned re¬ 
sponse stands m a closer relationship to the movement of the hand 
than it docs to the tug, as the conditioned stimulus, is deiimtely 
shown by the results obtained with group IV 

might be added that there was no check on the completeness of the 
inhibition of the hand response, the subject’s report that the hand and arm 
were passive was taken at face value It is possible that a sensitive re¬ 
cording device, attached to the forearm musculature, might have shown 
small incipient movements persisting through the first few tests, especially m 
the case of Wing, whose conditioned response wos the most stable in this 
group 
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Kilgard and Marquis (4) reported a positive relation, between 
ease of conditioning and rapidity of extinction, whereas Bernstein 
(1) found the former value correlated with stability Figures 3 and 
4 show that, in the present study, ease and rapidity of conditioning 
are correlated with stability This corroborates Beinstein’s findings 
under different experimental conditions 

The Responses of the Hand and Ltd If the movements of the 
hand and lid are coordinated during the training period, one should 
expect to find a close temporal relationship between the two The 
data for group III, where such a coordination is suggested, ate sum¬ 
marized in Table 3, and graphically represented in Figure 5. 


TABLE 3 

Avpraoe Tbmforal Disparitt ueTWBEN Lip and Hanp nusiNc Training 
Period for Groups 11 and 111 (Values in Sioua) 


Group 

Subjecl 

Dis¬ 

parity 

AD 

Group 

Subject 

Dis- 

parity 

AD. 


Puck 

49 

34 


Guth 

41 

23 


Tur 

61 

34 


Cur 

41 

27 


Hai 

6i 

48 


Bbe 

42 

24 

11 


5$ 

28 

m 

Hci* 

16 

12 


Sper 

57 

23 


Ups 

38 

14 


Blec 

33 

19 


Gal* 

29 

18 


Wras 

65 

56 


Boy* 

32 

15 


Cap 

89 

55 


Ben 

49 

17 


McK 

78 

61 


Zor* 

58 

36 


McCl 

38 

20 


Schr* 

24 

14 


Mean 

60 



Mean 

37 



*Leait stable conditioned responses from these subjects, 


In order to determine the disparities it was necessary first to de¬ 
termine the lag of the key by means of which the shock was admin¬ 
istered . that IS, to determine the time elapsing from the beginning 
of the movement of the finger against the key to the closure of the 
shocking circuit as indicated by the signal magnet. This was done 
w'lth eight subjects, and the lag, determined by measurement of 400 
records, was found to be 45 sigma, the A D 6 sigma. For these 
readings the finger movement was recorded pneumatically from the 
bulge of the forearm muscles, and the key closure in the usual 
manner. 
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» DISPARITY BETWEEN LID AND HAND 

I 


SWUUTANEirr 



Table 3 gives the average time difference between hand and lid 
for each subject in groups II and III. For group III the range 
extends from 16 to 58 sigma, the average for the entire group is 
37 sigma The variations from the averages of the subjects are seen 
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to be considerable in relation to the averages themselves. It is note- 
woithy, however, that both the disparities and tlieir variations are 
smaller for group III than for the first 10 subjects m group II, 
Figure 5 shows that for gtoup III as a whole (the lower cuivc) 
the distribution is normal, with a decided tendency for the lid 
responses to cluster about the hand movement in time; in general, 
tending to precede it by 10 to 20 signia.®^ 

The curves m the upper half of the figure show that when tlic 
group IS divided into two suhgioups, ihc five subjects whose con¬ 
ditioned reaction was most stable (above the mean) and the five 
whose reaction was least stable, thcic is a difference in their respec¬ 
tive Hd-hand lelationslups The most stable responses tend to lead 
the hand movement while the least stable tend to follow it Tins is 
also seen in Table 4 whcie the frequencies of both subgroups and 
their ratios, M/L, are indicated for each interval For the first 
9 intervals with the lid in a leadii^ position the ratio vanes from 
1.9 to 4 0; where the hand leads the lid, the ratios vary from 0.5 to 
1.8. In the most st.ible subjects 63 per cent of the hd responses 
preceded the hand and 37 per cent followed, in the least stable 
group the ratios were exactly reversed, 63 per cent followed the 
hand, 37 per cent preceded The values for the interval between 
hand and lid for the two subgroups, when averages are treated 
without reference to direction of the diilerence, show no marked 
diffeience between the groups The value K in general smaller for 
the least stable (L) subjects 

This last fact should serve to remind us tli.at the temporal rela¬ 
tions schematized and discussed on pp 423-424 are effective only 
within limits The time lelationship may be an important factor in 
the greater stability of group III; but withm this group individual 
variations in stability cannot be traced to this source. 

Table 5 shows the time relations of hand and lid responses in suc¬ 
cessive 10 trials over the entire sitting The values for this table 
were obtained by calculating the median position of the conditioned 


^Of the 958 conditioned responses obtained in group HI, 20 were not 
included because of imperfections in the recording ^vhich made it impossible 
to read them with reference to the key Of the remaining 938, all but 25 
fell within the range of the distribution in Figure 5 The curve Is there¬ 
fore based upon $13 responses obtained from the 10 subjects in group Ill 
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•Extinction was not complete with any of these five subjects 
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response relative to the hand movement for each 10 trials. Priority 
of the hd IS indicated by a minus sign, whereas the plus sign indi¬ 
cates that the hd follows 

The table shows that the most stable conditioned reaction tends 
to assume a leading position as training proceeds, while the least 
stable response shows no such tendency. In two of the five cases 
in the most stable group the lid reaction consistently led the hand 
(Guth .md Cur); with Ebe and Ben the early lid responses followed 
the hand, while the later ones moved forward as the sitting pro¬ 
ceeded, until, by the end of the training, they were leading by 40 
and 45 sigma, with Ups the first conditioned reactions led the hand, 
the position then shifted b.nck to -l"45 and from there forward 
to —30, which was tnaititamed to the end of training In every , 
case the value for the last 20 training trials Indicates that the lid 
had come into a closely leading positioru^* 

The other five subjects, with the least stable conditioned response, 
show diffeient characteristics Two, Boy and Schr, failed to bring 
the lid into a leading position during the entire training period, al¬ 
though Schr shows an approximate simultaneity for the last 10 trials, 
In one case, Hei, there is a small disparity throughout training; the 
hd first leads, then follows, and ends in approximate simultaneity; 
but only in the early trials does it consistently lead. With Gal the 
early responses follow the hand, the later ones roughly approximate 
it Of this group only Zor shows the lid consistently leading the 
hand, and her stability was the highest of the live and very ne.ir the 
average value 

The results from the first half of Table 5 offer no difficulty in 
interpretation If the conditioned reaction is to be very stable (above 
the mean for group III) it must not only tend to approximate the 
hand movement as training proceeds, it must move into a leading 

the 95 responses recorded on these ^ trials, 15 actually followed (he 
hand, 12 of these by 5 to 20 sigma They were sporadic in appearance and, 
therefore, would not show m the medlaaa They were divided among all 
five subjects. 

”Cf Zor’s stability of 45 with Ben’s 5S There was some <iuestiQn m the 
mind of the experiioenter regarding the compicieness of extinction in Zor’s 
case Toward the end of the tesung period the conditioned response becaine 
a rise of the hd of such amplitude as to represent a distended opening 
The subject stated later that she had been "trying to aee if I cmild stop 
winking " 
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position. Where it fails to do this, the stability is always less than 
40 conditioned reactions; where it succeeds, the stability is always 
more than 40. 

The second half of the table is equally significant. The most 
stable group shows the lid leading during the early tests m every 
case. With Cur it slips back in the third stage, with Guth in the 
fourth, with Ben m the sixth, with Ebe in the tenth, and perhaps 
with Ups in the eleventh.^® The same tendency is evident in the 
least stable group. The lid response invariably falls further behind 
the hand as it approaches extinction 

Since in no case in the most stable group was extinction, as deter¬ 
mined by our criterion, complete, the significance of the tendency of 
the lid response to fall behind the hand in this group will be clear 
only if it correlates with noticeable amplitude decrement of response. 
Therefore the responses of these five subjects were measured, and the 
results are presented in Table 6. The values in the table represent 
millimeters on the tracings. 


TABLE 6 

Amplitude of Unrbinporcbd Conditioned Responses of the Most Stable 
Subjects in Group III for Successive Ten Trials 


Subjects 

1- 

10 

11- 

20 

21- 

30 

Trials 
31- 41- 

40 50 

51- 

60 

61- 

70 

71- 

30 

81- 

90 

91- 

100 

Guth 

1.45 

145 

1.50 

1.17 

1,05 

98 

96 




Cur 

1.80 

1.70 

I.IO 

.83 

1.00 

75 

.82 




Ebe 

2 08 

2,13 

2 47 

2,17 

218 

2 00 

2 03 

1.88 

91 

75 

Ups 

1 80 

190 

2.00 

2 03 

2.10 

1.85 

175 

1 73 

1.50 

1 33 

Ben 

1.88 

170 

1.20 

1 30 

125 

97 






With Guth the greatest decrease in amplitude occurs during the 
fourth ten trials, and thus correlates with the shift of the response 
from leading to following position. With Cur the same is true; the 
greatest decrements are found in the third and fourth ten. With 
Ebe the greatest decrease falls m the ninth stage, and the temporal 
shift in the tenth. With Ben the temporal shift m the sixth ten 
trials IS correlated with a sharp drop in amplitude. Ups shows a 


'^PerJiaps, because none of the tune readings is precise to less than five 
sigma, 
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decrement in the sixth, ninth, and tenth stages; in the sixth and 
tenth his lid response fads to lead the hand 

Such results are not novel in the sense that it has been generally 
known that the latency of the conditioned response increases as ex¬ 
tinction progresses [see, eg, Hilgard and Marquis, (4, p. 64)]. 
These shifts m the position of the conditioned response represent 
genuine increases in latency, because there was no concurrent dccrC' 
ment of the voluntary reaction time of the hand 

Discussion of the Results 

The metiiod employed in group III, where a movement of the 
hand regularly precedes the administration of the unconditioned 
stimulus (shock) yields results which arc significantly different from 
those obtained where no hand movement is involved. This is true 
with respect to rapidity of conditioning, rcUability of the mean fre¬ 
quency (even for a small group of subjects), completeness of con¬ 
ditioning, and resistance to experimental extinction Where the 
hand movement is less closely and less regularly related to the reflex 
(group II) these differences arc not so clear 

Since the diffeiences between groups 11 and III fall short of statis¬ 
tical reliability, except for completeness and consistency of condi¬ 
tioning, the functional differences between the self-administered and 
the mechanically administered shocb are not clear The failure to 
obtain reliable differences is due mainly to the atypical behavior of 
one subject In each group Therefore an extension of the series 
should settle the question. 

Figure 3 indicates that group II docs finally reach complete con¬ 
ditioning, although at the very end of the training period. Had 
this level of conditioning been maintained for a longer period, the 
conditioned response might have been more stable. In that case the 
temporal relations in group III could be looked upon as serving only 
to Intcgrcatc the two movements of the hand and lid more rapidly 
than IS the case in group II. That this may be the case is indicated 
also by the stability difference between I and II 

The Integration of the lid and hand movements in group III 
after 50 trials is such that when the hand movement is omitted from 
the testing period the hd movcmcnit is extinguished almost imme¬ 
diately. The results obtained from group IV leave no doubt of the 
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fact that the continuation of the hand movement is vital to the 
stability of the conditioned respond. This must mean that the 
condtUoned stimulus (Uiff) and the unconditioned reflex (wink) 
have not been linked by the paired presentations. In the first place, 
the conditioned wink is clearly a different movement from the reflex 
wink to shock. Secondly, the stability of group IV was the lowest 
obtained. These are two excellent reasons why the Pavlovian 
formula for the conditioned response does not represent correctly 
the facts of conditioning. 

The results obtained from groups III and IV indicate that the 
two movements —flexion of the hand induced by command, and a 
modified form of the Iid response— have been linked^ and in such a 
way that the lid gradually comes to lead the hand. This is shown 
in Tables 3, 4, and 5, and in Figure 5 There is a further indica¬ 
tion of such linkage m the manner in which the conditioned response 
“follows" the hand movement in certain special instances 
This experiment involves a reaction-time situation in one respect, 
namely, that the subjects in groups II, III, and IV acted under in¬ 
structions to press the key unmediatcly upon stimulation by the tug. 
It is occasionally found in reaction-time experiments that the sub¬ 
ject’s set to react spills over into an anticipatory response This 
phenomenon of “jumping the gun” occasionally found in some 
of the subjects who served m this experiment. Twenty-one subjects 
pressed the key before being stimulated by the tug, 82 times in all 
In 74 instances the lid movements came forward with the hand 
Conversely, some subjects occasionally reacted very slowly In 
group II the shock would intervene if the latency to the tug was 
more than 400 sigma. This very long reaction time was found in 
group II for 14 reactions. On 10 of th«e occasions theie was no 
conditioned reaction, because the delayed hand response also delayed 
the lid movement until the shock was administered, and the lid was 
closed when the hand movement occurred In the other lour trials 
the lid movement was closely related to the hand movement in time. 
In group III this long reaction time was observed five times, and the 
lid reaction was concurrently delayed every time 
As has already been stated, the lid response is not linked to the tug 
stimulus in the situation of groups III and IV, This fact casts 
light on one of the basic difficulties so far encountered by the con- 
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ditioncd response explanation of Learning, namely, the difficulty of 
conditioning and the rapidity of extinction. Schlosberg (14) has 
pointed out that under the customary conditions in conditioning 
experiments, “the conditioned knee-jerk seems to be a bit of behavior 
more or less broken off from ovii usually integrated patterns “ Fur¬ 
ther, he states that. 

When we nrc working with the skeletal-muscic responaea of 
humnn beings, most of our efforts are devoted to breaking off 
the stimulus-response sequence from the rest of thcii be¬ 
havior, lest the conditioned response formed bt called “volun¬ 
tary ” This may explain why it is so difficult to set up a con¬ 
ditioned response such as withdrawal from shock, knee-jerk, 
wink, etc, in adult human subjects (p. 33?) 

The situation in group I is in many ways similar to tliat ordinarily 
employed in conditioning work The main difference lies in tlic 
fact that the multiple stimulation tends to enhance the conditioning 
In groups n, III, and IV, however, the subjects were provided with 
well-learned activities, which in no way interfered with the condi¬ 
tioning, but, on the contrary, provided a behavior context into which 
the conditioned responses could be integrated. The effect of such 
provision is very clear When the conditioned response is permitted 
to become a part of the behavior of the subject, coordinated with an 
activity of the entire organism, instead of being forced to remain an 
isolated and momentary “fraction of behavior,” it appears readily and 
with great frequency, and remains unusually resistant to extinction. 

Tlic procedure followed in this experiment involves the employ¬ 
ment of a prescription, an Jufffabe, and this is a feature which is in¬ 
variably present in any learning situation, and traditionally abtent 
from the routine conditioning experiments The subject is here as¬ 
signed the task of responding regularly to a specific stimulus. His re¬ 
sponse under tlicse conditions is more than a simple flexion of the 
fingers of one hand The instructions bring the muscles of tlie eye, 
neck, arms, trunk, and le^ into a posture which regularly culminates 
m the hand movement and provides an action context into wJiicli the 
conditioned responses are integrated 
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Summary 

1 The conditioned Iid response differs from the reflex response in 
latency and form The two reactions may be differentiated on the 
basis of the muscular action in each. 

2. Under the present experimental conditions the conditioned 
wink develops very rapidly and reaches maximum frequency by the 
end of 25 trials 

3. Under these conditions there is no correlation between ease 
of conditioning and rapidity of extinction The method which 
yielded the most rapid acquisition of the conditioned response also 
gave the greatest stability. 

4. When the subject regularly responds to the conditioned stimu¬ 
lus with a “voluntary’^ reaction which is closely related to the lid 
reaction, the conditioning is very complete, the usual variation be¬ 
tween individuals is reduced, and the conditioned response is un¬ 
usually stable 

5. When the relation between the two movements is less regular, 
the frequency is more variable and the conditioned response may be 
less stable. On the other hand, the fixity of the interval between 
the conditioned and the unconditioned stimulus does not appear to be 
important. 

6. When no voluntary movement is employed, the conditioned 
response appears least frequently and is very unstable 

7 In the group in which the shock was self-administered the 
conditioned responses were clustered about the hand movement. The 
more stable responses tended to precede the hand by a slight interval 
(from 10 to 50 sigma at the end of the training series). 

8. The temporal relations m this method are effective only with¬ 
in limits Within the group the individual differences are not to 
be explained by variations in the ^nchrony between the hand and 
the lid. 

9. There are several indications that the movements of the hand 
and the lid are linked together When the hand response precedes 
the signal (tug), it carries the Ud response forward with it. Con¬ 
versely, when it is abnormally retarded, the lid response is also 
delayed. When the hand movement is employed m the training 
period and inhibited during the tests, the conditioned response, al¬ 
though fully developed, is very rapidly extinguished 
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10. Viewed as a whole the experimental results challenge the 
Pavlovian interpretation and provide an explanation for the diver¬ 
gence between the findings for the conventional conditioning experi¬ 
ment and the well-established facts of learning. 
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A STATISTICAL ANALYSIS OF RATIONAL LEARNING 
PROBLEMS* 

From the Department of Psychotopjf of Hev; York Univtritty 


Sydney Roslow 


I. Introduction 

Rational learning is defined by Peterson (14) as learning which 
involves the mastery of puzzles and problem boxes. It is con¬ 
trasted with learning which is largely the effect of practice, 

aucli ag typewriting, telegraphy, ball-tossing, memorizing non¬ 
sense syllables, and so on. . Some of these learning proccMCS 
are clearly concerned only with the acquirement of slcil), little 
Qcgauization o£ conscious selection of any sort being requited. 
Another type of learning has to do largely with the mastery 
of puzzles, problem boxes, and mazes. In some of these coses 
the situation remains unchanged in its essential features during 
the attempts at the solution of the problem; m others the sttoa- 
tion to which the learner is reacting changes with the different 
reactions. In this general group of problems one successful 
solution may be sufficient to reveal the steps to be taken, so that 
subsequent efforts are practicolly perfect, or the relations may 
be so intricate as to require a series of successive trials for 
a perfect score 

Rational learning is looked upon as purposive thinking in which ideas 
arc used m the effective solution of a problem 

Peterson refers to his Rational Learning Test as a memory reason 
test in which the subject is to use all the mental powers nt his com¬ 
mand (14) In tills test, a series of numbers and letters are to 
be associated correctly. There is no doubt that this test permits 
the use of rational behavior, but it is not at all certain that the 
subject actually avails himself of this opportunity. One can learn 
the correct order of the numbers without regard to the associated 
letters by means of a purely “hit and miss" system. It is possible, 

•Recomriendeil by Loins W. Max, accepted for publication by Carl 
Murchison of the Editorial Board, and received m ihe Editorial Office, 
December 9, 1935. 


441 



442 


SYDNEY ROSLOW 


however, to overcome this criticism by changing the order of pres¬ 
entation of the letters. By these means, the subject is forced to 
associate the letters with the numbers, and the attempt to learn 
purely by trial and error is quite futile. This procedure has been 
used by McGeoch and Oberschelp (12). 

A more pertinent source of error in Peterson’s Rational Learning 
Test arises from the fact that the time is a function of the test 
administrator and rrot alone dependent upon the subject. In. the 
usual procedure the examiner calls out the letter, and the subject 
responds with the number which he believes is paired with this 
letter. It is apparent that the examiner may cause gross fluctuations 
in the time required for learning. An attempt has also been made 
to overcome this objection Haught (3) described an apparatus 
which he used to admmister the Rational Learning Test and which 
eliminated the experimenter’s r61c. 

II. Problem and Apparatus 

1. Problem, This investigation is a statistical analysis of re¬ 
sults obtained with rational learning problems.^ The analysis will 
attempt to answer the following questions. 

1. Wliat; Is the correlation between the two scores yielded by 
the problems (time acore and totcl bolts score)? 

2 What 18 the relationship of the problems to each other? 

3. What is the correlation between the problems and other 
mental abilities? 

4 What IS the multiple correlation between the problems as a 
battery and the other abilities? 

5 Whnt factors operating in the problems and the mental 
abilities ere responsible for the correlations obtained? 

2. The Apparatus. The apparatus designed by Max (H) was 
originally based upon a simpler board used by Haught (3); but 
whereas Haught’s board was primarily a test of memory, the pres¬ 
ent apparatus shifted the chief emphasis to the reasoning factor (11). 
It consisted of a box on the front of which were the heads of 100 
steel bolts numbered from 1 to 100 Only these bolts, placed upon 

^hese problems are a test of rational learning devised by Professor 
L. W. Ma* 
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a background of black, and one additional sample bolt set oft by 
itself in the lower right coiner of the box, were visible to the 
subject. Inside the box, the bolts were wired into two separate 
circuits. One circuit included an electric bell; the bolts forming 
this circuit were arranged in a familiar pattern or design, which 
might be a letter of the alphabet, a number, or a geometrical figure. 
Any of these bolts when touched by the stylus caused the bell to 
ring These bolts are referred to as the “bell bolts," The other 
circuit included the remaining indifferent bolts which formed the 
background of the pattern. These bolts are referred to as the 
“other bolts." Each circuit induded a magnetic counter which 
recorded the number of bolts touched by the stylus. There were 
five boxes, each providing one problem, and in one experimental 
period a subject worked on all of tliem. 

The task was (a) to discover those bolts which caused the bell 
to ring, (i) to discover the relationship existing between these bolts, 
(c) to recognize the pattern, and (//) to report the conclusions to 
the experimenter. Enumeration or mere pointing to the correct 
bolts was not enough The subject was required to “see or under¬ 
stand" the scheme or arrangement underlying tliese bolts and derive 
a meaningful figure or relationship. The performance was timed 
by a stop watch. 



FIGURE 1 

PATTERNa IN EACH SERIES AND BoLTS COMPOSING EACH PATTERN 
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3. The Patteins. Three series of patterns were used in this 
experiment Each series was composed of five problems The first 
pattern in Senes I, a large double cross, is graphically shown in 
Figure 1. The remaining patterns were similarly arranged. The 
bolts composing each pattern are shown m the following tabulation. 

Series 1 

Pattern Bolts 

A. A large double cross 5,15,25,35,4^5, 55, 65,75,85, 95, 

6, 1<,26,36, 46, 56, 66,76, 86, 96; 

41,42,43,44,47,48,49, SO, SI, 52, 

53, 54, 57, 58, 59, 60 

A Four right triangles, 1,2,3,4,11,13,21,22,31,7,8,9, 
one in each corner 10, IS, 20,29, 30, 40, 61, 71, 72, 81, 

83,91, 92, 93, 94,70, 79, 80, 88, 90, 

97,98, 99,100 

C. An arithmetical pro- 1, 3, 6,10, IS, 21, 28, 36, 4S, 55, 66, 
gression 1, (4*2)=3, 78,91 

(+3)=6, {+4)=!0 

D The letter "S“ 19, 8,7, 6, 5,4, 3,12, 22, 32, 43,44, 

45,4<, 47,48, 59, 69, 79, 89, 98, 97, 

96, 95, 94,93, 82. 

E' The number "4” 17,26,27, 35, 37, 44, 47, S3, 54, 55, 

56,57, 58, 67,77, 87. 

Series 11 

A, B, C, D same aa above 

E". The number «12” 12,22,32,42, 52,62,72,26, 17,18, 

29,39,48, 57,66, 76,77, 78, 79 
Series III 

F. A Square 12,13,14, 15,16,17,18,19,22,29, 

32, 39,42, 49, 52, 59, 62, 69, 72, 79, 

82, 83, 84, 85, 86, 87, 88, 39. 

G Four rectangles one 4, 5, 6,7,14, IS, 16,17; 31, 32,41, 

‘ on each side 42, 51, 52, 61, 62; 39,40, 49, 50, 59, 

60,69,70 •, 84, 85, 86, 87, 94, 9 5, 96, 

97. 

//. An arithmetical pro- 1,3, 5, 8, 11, 15, 19, 24, 29,35, 41, 
gression, 1 (+2) =3; 48,55,63,71,80,89,99 

( + 2)=S, (+3)=8; etc. 

I The letter “G” 38,27,26,25,24, 33, 43, 53, 63,73, 

84, 85,86,87, 78, 68,58, 57, 56 
13,14,22,25, 32, 35,43,44, 52, 55, 
62,65,73, 74, 27, 18, 28, 38, 48, 58, 

68 , 78,77,79 


J The number “81' 
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III PROCEDXJRB 

1. K>,pe)iinenial Procedure. In each experimental period the 
subject solved the five problems constituting a senes. Each problem 
was timed separately and the length of the experimental period Avas 
determined by the speed with which the problems were solved. A 
maximum of seven minutes was allowed on each problem. At the 
end of the fifth pioblenij the subject mtrospectively reviewed his 
work 

Before the subject knew anything about tlic nature of the experi¬ 
ment, he Avas orally instructed as follows' 

The Arst thing I want you to do is to taVe tlila stylus and touch 
each of these bolts from 1 to 100 in tbU manner. (Experi¬ 
menter demonstrated) Work from left to right. 

During this activity, the box was not connected into the electric 
cncuit. The subject, then, sat down, faced the apparatus, and read 
the following instructions 


iHSTRUCnoNS 

Do you know anything about thU expeciment? 

Please cooperate with me and do exactly as I tell you Above 
all, do this test seriously, as this is a research experiment 
In the apparatus before you, there ate 100 bolts arranged in 
ten rows of ten bolts each. Of these hundred bolts, q definite 
number have been connected with a bell m such a way that 
when they are touched witli a stylus, the bell will ring This 
s.imple bolt, for example, is similorly connected, and when I 
touch it with the stylus you notice it rings ^ 

The bolts which ring the bell have been chosen, not hop- 
hazsidly but in accordance with a definite scheme; there is a 
definite relation among them They might form o Jeller of the 
alphabet, a geometrical pattetn, a number! or the scheme might 
be a inaihematicnl one, involving a relation between the num¬ 
bers on the bolts Your task is to begin at number 1 and dis¬ 
cover the underlying scheme or rclotion in the shortest possi¬ 
ble time You will have to explain this scheme or relation sat¬ 
isfactorily to me, either by naming it or by describing U. Mere 
enumeration of the individual bolts which ring the bell will 


®The experimenter demonstrated. 
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not be accepted aa a solution As soon as you have a "hunch" 
as ia the scheme or relation, teU me immediately Remember 
the shorter lime you lake, the better ts your score 
Then as a check, you will have to run through the scheme for 
me, once without error, that is, you will have to touch each 
bolt that rings the bell, omitting those which do not. 

Make sure you understand these instructions before starting. 

Reread them carefully 

After the completion of the first problem in a senes, oral instruc¬ 
tions were given before the beginning of the next problem in order 
to prepare the subject for the type of pattern to be discovered, 
These dnections were: 

For problems B and G: “The next la also geometrical.” {A 
and F would already have been solved and given geometrical 
names, a cross, and a square.) 

For problems C and H "The next is a numerical scheme. 

There is an arithmetical relation between the numbers on the 
bolts which ring the bell" 

For problems D and I “The next is a letter of the alphabet” 

For problems E and J "The next u a number greater than 
nine.” (For problem E' of Series I the instruclions were sim¬ 
ply: “The next is a number.") 

The test performance consisted of two parts, the solution and the 
check Time and total number of bolts touched were recorded 
separately for the solution and for the check, and also for each in¬ 
correct hunch or solution offered by the subject. 

At the completion of the entire series, verbal reports were made by 
the subject, in accordance with the following instructions. 

I would like you to tell me all about the experiment What 
were you doing? What did you think about? Anything that 
you think would help me wi understanding your behavior is 
valuable. Begin with the first one, the cross. 

2. The Subjects, Two groups of students in the University Col¬ 
lege of Arts and Pure Science, New York University, all men, 
served as subjects in this experiment during the course of two years. 
eSroup I was composed of 62 students in the elementary course m 
Psychology during 1932-33. This group took Series I. Group 
II was composed of 87 students in the elementary course in Psy- 
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chology during 1933-34. This group took Senes II and III. There 
was an interval of tliiec months between Senes II and III, Tiicrc 
were 40 sophomores and 22 juniors in Gioup I, and 62 sophomoresj 
23 juniors, and 2 scniois tn Group II 
3. Measures o/ Mental AhiliUes In the effort to determine the 
relationships between the problems and other measures of mental 
abilities, the following data were collected. 

Group I 

1 Scholarship Average for first two years. 

2 Army Alpha (Form 7). 

J Otia S. A. Test of Mental Abiluy. Higher examination 
(Form A) 

+ Stenfi«i5t Mechanical AptiUuie Test 1. 

5 Syllogism Test (Max) 

6. Thurstono Personality Schoiluh 

7. Mathemntica Content (Fieshman Entrance, N, V. U,). 

9 Revised Minnesota Paper Form Board, Series A and B 

Group II 

1 Scholarship Average for first year. 

2 Otis 8. A Test of Mental Ability Higher cxaminatloa 
(Form A) 

3 Henmon Nelson Test of Mental Ability (Form A) 

4 English Content II (Freshman Entrance, N. Y U ) 

5. Mathematics Content (Freshman Entrance, N. Y. U.). 

6 Revised Minnesota Paper Form Board, Series A and D. 

English Content II and Mathematics Content were tests given 
to all students applying for admission to the Heights Colleges of 
New York Univejsity. The former is a test of knowledge of gram¬ 
mar, spelling, and punctuation. The latter includes arithmetic, 
algebra, trigonometry, and geometry These two tests may be con¬ 
sidered measuies of achievement in these fields Max's Syllogism 
Test IS a collection of specially chosen syllogisms and syllogistic state¬ 
ments® Tile statements arc citlier true or false, and the score is 
the number right This test is a power test of ability to solve syl¬ 
logistic problems. 

*The following is an illusirative item. "The people of the country are 
suffering from famine, and as you are one of the people of the country yoa 
must be suffering from famine,” 
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The Revised Minnesota Paper Form Board Test (10) used in 
this experiment has a correlation of 80 with the original test de¬ 
veloped by Paterson et al (13). This test was administered under 
two sets of conditions. Group I was given the test as ordinarily 
administered with a tune limit of 12 minutes. Group II was given 
the test as a power test with unlimited time Both foims, A and 
B, were administered. One-half the students in Group II took form 
A first and Form B second, the otliei half did the reverse 

IV Results 

1. The Relation Between the Time Score and the Total Bolts 
iScoj e. In maze learning and problem box experiments an arbitrary 
criterion of learning is usually established, as, for example, three 
consecutive errorless trials (6) This plan is also followed in non¬ 
sense syllable learning The procedure has been earned over into 
learning experiments involving higher mental processes, Peterson 
(14) required two consecutive errorless trials in liis experiment. 
Heidbreder (4) required her subjets to give four correct responses 
after stating the correct rule for solution Kuo (9) and Hull (7) 
used the criterion of one errorless series in their experiments upon 
concepts, In this experiment, one errorless check of the pattern was 
required as evidence of complete learning, Two scores were ob¬ 
tained for each problem, the Time and the Total Bolts. Time 
refers to the time in seconds required for the Solution-plus-Check, 
and Total Bolts to the number of bolts touched during the Solution- 
plus-Clieck 

Time and Total Bolts would be expected to correlate perfectly 
if the problems weie measures only of the physical activity involved 


TABLE 1 

Correlations Between Time and Total Bolts Scores 
Soliition-plus-Check 


Group I 

Series I 
r 

N = 56—60 
PE 

Group II 

Senes II 
r 

N = 77 —8(5 
PE 

A 

67 

.05 

A 

.58 


U 

70 

OS 


.80 

03 

C 

75 

04 

C 

83 


D 

.74 

04 

D 

76 


E' 

.90 

02 

£» 

.83 


Mear 

75 


Mean 

76 
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in touching the bolts The mean correlation between Time and 
Total Bolts IS .75 for Series I and 76 for Series II (Table I). 
Although the lelationship between Time and Total Bolts is high, 
the evidence from the coefficients is that time is consumed when no 
bolts are touched with the stylus, and tliat the rate of tapping is 
not constant or regular. One, watching a subject at work on the 
problems, would observe the same irregularity of tapping and the 
relatively long pauses. The results indicate that some mental func¬ 
tion or functions ate present, the influence of which upsets the per¬ 
fect relationship between Time and Total Bolts that would other¬ 
wise be obtained 

2 Relationship Between the P) oblems. 

Iniercorrelalions between the problems m each senes. Table 
2 includes the mtercoirelaticns between, the problems in each of the 
three series It is recalled that Group I took Series I, and that 
Group II took Senes II and Senes III, The mean mtorcorrcla- 
tions between the problems for Senes I arc .32 (Time) and .39 
(Total Bolts) For Senes II these means are .45 (Time) and .46 
(Total Bolts). For Seiies III these means arc .50 (Time) and 
52 (Total Bolts). The intercorrclations between the problems 
in Series II are more reliable than, those of Series 1, and those of 
Senes III are most reliable In Series I only 10 of the 20 coefficients 
may be considered reliable. In Series II only one is not reliable. 
In Series III all are reliable. The interpretation and comparison 
of the results obtained with the three senes of problems arc com¬ 
plicated by the facts that Group II is larger than Group I, and that 
Group II had already had practice on Series II when it took Series 
III. 

These Intercorrelatiojis may be compared with correlations ob¬ 
tained in maze learning and in Peterson’s Rational Learning Test. 
Heron (5) reported the average intcrcorrelation of scores in five 
stylus mazes to be .34, .29, and .34 for trials, time, and errors, 
respectively. Higher correlations have been reported between diff¬ 
erent forms of Peterson’s Rational Learning Test Garrison (2) 
found correlations of .75 (time), .60 (repetitions), and 70 (errors) 
between two different forms 

Correlation between Series II and Senes III. The sum of the 
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TABLE 2 

iNTERCORHELAriONS BeTWBBN THS FRDDLEMS 


Group t Series I N 

=53-58* ** 


Group II Series II N= 

=71-8 

4 

Prob 










lem 

A 

i? 

C 

D 

A 

3 C 

D 

E” 


Total 





Total 




lolls 

Tiflir 




holts 

Tme 



A 


19 

01 

.31 

09 


33 .31 

,20 

36 



(10)-* 

'(09) 

(.08) 

m 


( 07) (07) 

(.07) 

' (.06) 

B 

.25 


55 

74 

25 

29 

.60 

60 

.61 


(.OS) 


(05) 

(05) 

m 

(07) 

(05) 

(051 

1 (,0S) 

C 

25 

51 


64 

14 

43 

,53 

35 

.52 


(C8) 

(.07) 


(.05) 

(09) 

(.06) 

(.06) 

(07) 

1 (.06) 

D 

.40 

70 

52 


.28 

.32 

.56 42 


.56 


(.08) 

(.02) 

(07) 


(■08) 

(06) 

(.05) ( 07) 


(05) 

E' 

oc 

42 

.38 

.41 


40 

55 ,50 

63 


(09) 

(.08) 

(.08) 



(06) 

(.06) ( 06) 

(05) 



Mean 

= (Total Bolw) .39 


Meanr 

^ (Total Bolts) ,45 


Mennr' 

s (Time) 

.32 


Meanr 

»(Time) 

45 


Group n Series III N= 

■67 


Senes II vs 

Senes 111 N= 

>67 


Prob- 









lem 

F 

G 

H 

/ 

J 


Time 

Total hells 


Total 










hilt 

Time 








F 


53 

.28 

46 

74 

Avs F 

35 ( 07) 


25 (.08) 



(.1)6) 

(.08) 

W 

(06) 



G 

.46 


63 

.58 

.64 

Bvs. G 

+3 (07) 


33 (0?) 


(07) 


(05) 

(03) 

(.05) 



H 

,J9 

40 


41 

46 

Cvg H 

39 ( 07) 


36 (,0B) 


(07) 

(.07) 


(.07) 

(07) 



43 (,07) 

1 

.52 

.56 

61 


.46 

D\9 1 

.40 (.07) 



(DO 

(06) 

(.05) 


(07) 

£"va./ 


.61 (06) 

J 

,51 

54 

.58 

58 


69 (.05) 



(.06) 

(06) 

(OS) 

(05) 






Meonr 

= (Total Bolts) ,52 


Mean = 

" 45 


41 


Meanr 

= (Time) 

.50 


2 {7-i?) vs. 


65 (,05) 







2 (F-7) = 67 ( 05) 



*In the statiitical tcentment of the data, the numhec of casgj i? less than the total N 
and varies from problem to problem. There are several reasons for this, Data were 
discarded ^here the subjective report revealed that the controlled conditions were not 
maintained, If the subject misunderatood the inatrvctlons, or deliberately disobeyed 
them, the results were not used Furthermore, a reduction in the number of cases oc¬ 
curred ^here other data were not available 

**The hgures in the parentheses represent the probable errors, 
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time scores for the five pioMetns in Series II was correlated with 
the sum of the time scores of the five problems m Series III. This 
was also done with the Total Bolts Scor» These correlations are 
respectively ,67 and 65. A thice-months mteival elapsed between 
these two senes The individual corielations between the patterns 
of Senes II and Senes III (that is A vs. F, B vs G, etc ) are lower, 
averaging .45 (Time) and 41 (Total Bolts). These results arc 
also included in Table 2 These coefficients may be compared 
with the correlations obtained m maze and nonsense-syllable learn¬ 
ing on humans m which a time interval elapsed between first learning 
and further learning. Hunter and Randolph (8) report the foot- 
rule correlations of 49 (Time) between the first six trials in a maze 
and the second six trials with an interval of 159-161 days. In a 
similar situation with nonsense-syllable learning by the paired-asso¬ 
ciates method with an interval of 56-61 days, they obtained a foot- 
rule r of .58 between the first six trials .and the second six trials. 
These correlations are only slightly higher than the intercorrclalions 
between the rational learning problems in this experiment. 

3. Relation between the Problems and Other Measures of Men¬ 
ial Abilities 

Zero order correlation. Table 3 gives the coefficients of cor¬ 
relation between each problem and each of the other abilities for 
Group I Table 4 presents the same data for Group II. Since the 
scores on the problems were the time required and the bolts touched, 
the lower the score the better was the performance. In all the other 
tests used, the low scores indicate poor ability. To prevent confusion, 
correlation coefficients presented here have been reversed in sign. A 
positive coefficient now indicates that good performance in one ability 
IS correlated with good performance in the other ability. 

Relation to intelligence. Column 2 (Table 3) presents the 
correlation of the Army Alpha scores with Senes I. The cor¬ 
relations between the problems and the Army Alpha Intelligence 
Test range from .18 to .46 The coefficients of correlation with the 
Otis Test are found in Column 3 of Table 3 Problem C is con¬ 
spicuous because of its relatively high correlation with this test, .71 
(Tune) and .58 (Total Bolts) For Group II, the correlations 
with the Otis and Henmon Nelson tests of mtelligcnce aie tabulated 
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TABLE 4 

CORRELATIONS BETWEEN THE PEOBIEMS OF SERIES II 
AOILITIBS 
Group tl 


and the Other 


Tine 

03 

(08) 

07 

(09) 

.25 

(08) 

.08 

(08) 

10 

(08) 
60-45 
Total bolts 
22 
(08) 
20 

(08) 

24 

(.08) 

U 

(08) 

.33 

(07) 

63-67 


*The figures in parendiei« are the PE’, for ihc coelficicius above. 


m Columns 2 and 3 (Table 4) The coirelations with the Otis Test 
ranging from 05 to 44 are somewhat higher than were found for 
roup I, althougli Problem G in particular exhibits lower coefli- 
ciencs of correlation Only a W positive relationship is present 
between Scries II and the Henmon Nelson Test. 
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Since problem A is the first of the series, the subject was faced 
with a new situation to which he had to adjust successfully. Such 
adjustment is usually thought of as being measured by intelligence 
tests.* Therefore, problem A, even though the easiest problem, 
would be expected to correlate positively with these tests An in¬ 
spection of Tables 3 and 4 reveals that, of all the problems, problem 
A, Total Bolts Score, correlated second highest with the Otis Test 
(.41, Table 4), highest with the Henmon Nelson Test (.27, Table 
4), and second highest with the Army Alpha examination (.34, Table 
3) Similarly for the Time Scores, Problem A correlated highest 
witli Henmon Nelson (.28, Table 4), highest with Army Alpha 
( 46, Table 3), and third highest with Otis (.24, Table 4). The 
correlation of Problem A with Otis, Group I, is inconsistent with 
these results. 

Scholarship The relation of the problems to scholarship is low 
and unreliable In Gioup II half of the coefficients of correlation 
are small negatives These coefiicients are found in Column I, 
Tables 3 and 4 The results for both groups are not strictly com¬ 
parable because, for Group I, two years of Scholarship were used 
while, for Group II, only the First Year Scholarship was available* 
It must be kept in mind that Scholarship consists of many separate 
grades indiscriminately combined to yield a single average. Fur¬ 
thermore, Scholarship represents no one ability but \s rather a 
result of several abilities and traits such as intelligence, inteiest, and 
industry. It is not surprising, therefore, to find these low and un¬ 
reliable coefficients 

Correlation with ability in Mathematics and English, The 
coefficients of correlation with the English Content Test were com¬ 
puted only for Group 11 This relationship is presented in Column 
5, Table 4 No significant relationship exists. The relations existing 
with the Mathematics Content Examination (Column 4, Table 3 
and Column 4, Table 4) are in general low and unreliable with the 
following exceptions. Problems E and the patterns of the figures 
“4” and “12,” are the only problems which yield reliable correlation 


Binet’s conception of mtelligence emphasises three chamctenstics, one of 
Vfh5ch la **the capaettv to make adaptations for the purpose of attaining a 
desired end" (Terman, IS, p, 1-5). 
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coefficients with the test. Three of the four coefficients may be con¬ 
sidered reliable. ,48± 08, 35± 09, .10±.08, 37±.47. 

Co)! elation with Stenquist I and the Thurstone Personality 
Schedule. An examination of the coefficients in Columns 5 and 6, 
Table 3, reveals that the conelations with these tests are all low and 
unreliable. There is no apparent trend for cither a positive or 
negative relation 

Coil elation with the Syllogism Test. The correlation coeffi¬ 
cients between this test and the problems are listed in Column 7, 
Table 3 Only three coirelations are reliable, ,49±,07, .41 ±09, 
.41 ±.08, and these aie betu'een the Syllogism Test and Time and 
Total Bolts for Pioblem C, and Total Bolts foi Problem li. 

Con elation with the Revised Minnesota Paper Fonn lioaul 
Test Tile coirclation coefficients between the problems and this 
test are shown in Column 8, Table 3 and Columns 6 and 7, Table 4. 
The lesults foi the two groups are not stiictly comparable because 
Gioup r took this test as a time limit test, and Group II took it as 
a work limit test. Problem Bj the pattern of four triangles, cor¬ 
relates higher with this test than do any of the other problems. In 
so far as tins test and the problems involve visual spatial features, 
positive correlation is to be expected Tlic small number of cases 
is responsible foi many of the unicliable coefficients and may also 
be a factoi in the differences which aie apparent in the results 
obtained with the Tune Scores and the Total Bolts Scores. 

Analysis of usnlis by paiUal coirelation^ The analysis of the 
relationships between the problems and selected abilities was made in 
order to examine these relationships when various combinations of 
abilities weie held constant. In Group I, the partial correlation 
analysis was applied to the correlations between the problems and 
the Otis Test, the Revised Minnesota Papcj Form Board Test, tlie 
Syllogism Test, and Scholaisliip; and in Group 11, to the correla¬ 
tions between the problems and the Otis Test, the Revised Minne¬ 
sota Paper Form Board Test, the Mathematics Content Examina- 


®Tlie computation of the partial correlation coefficients was Rreatly facili¬ 
tated by the use of a graphic method devised bv Wood (18) Checking 
these coefficients against machine calculation by the usual method revenled 
that the use of the graphic method introduced n maximum error of less 
than 01, 
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TABLE 5 

PAXTIAI, CORRBUnON COCFFICIENTS BEnvCEM TRE ToTAL BOLTS 

Scopes or the Problems a.no Selected Abilities 


Senes I Group I 
1, The Problems A, B, G, B, E'. 

2i The Revised Minnesota Paper Form 
Board Test, 

3. The Otifl 8, A, Teat of Intelligence, 

4. The Syllogism Teat 

5. Two-Year Scholarjhip 

Problems A B C B E' 


Series II Group II 

1. The Pioblems 4, B, C, D, B", 

2 , The Revised Minnesota Paper Form 
Board Test, 

3 The Otn S A Test of Intelligence 
+ Mnthetnatica Content Examination 
S Ohe-Year Scholarship 

A S C D E" 


fl2 

33 

38 

■02 

.04 

,08 

22 

45 

20 

45 

34 

rl2 3 

34 

36 

08 

.04 

05 

.11 

43 

10 

43 

34 

rl24 

.3+ 

28 

—.13 

-.05 

03 

23 

47 

21 

,46 

17 

fl2 5 

33 

.38 

02 

.03 

08 

20 

51 

25 

SC 

37 

fl2 34 

3S 

29 

-11 

—.03 

-.01 

10 

41 

10 

.43 

.34 

rl2.35 

35 

36 

-08 

04 

.OS 

12 

49 

.13 

,48 

.40 

rl2.45 

40 

38 

-IS 

-OS 

03 

as 

62 

.39 

59 

.52 

rI2 345 

.41 

29 

-15 

-.05 

-02 

.12 

47 

.16 

48 

42 

rl3 

or 

29 

.55 

.08 

13 

.41 

17 

.39 

-U 

16 

rl3 2 

.01 

25 

55 

C7 

10 

37 

05 

.36 

03 

.29 

rl34 

.06 

.12 

42 

-09 

02 

35 

07 

31 

09 

.21 

r[3,! 

01 

26 

.56 

.20 

12 

20 

20 

44 

18 

38 

rL3 24 

or 

.06 

v40 

.07 

.00 

.29 

-10 

,27 

-10 

,09 

rl3 25 

-Od 

.32 

55 

.07 

.10 

37 

10 

42 

08 

33 

rl3 4S 

.07 

.12 

43 

-09 

02 

.35 

.07 

33 

01 

22 

*■13245 

10 

.06 

40 

.07 

.00 

31 

— 01 

23 

-U 

.03 


04 

41 

41 

23 

.19 

22 

20 

24 

14 

33 

m2 

— 07 

33 

43 

.23 

17 

23 

23 

25 

17 

36 

rl4.3 

.00 

.31 

08 

.25 

.16 

— 02 

.12 

,03 

06 

.16 

rl4 5 

— 08 

,38 

.43 

n 

.20 

20 

22 

35 

.20 

,39 

m 33 

— 08 

23 

10 

25 

13 

01 

.25 

05 

19 

.25 

m25 

-23 

27 

45 

.21 

18 

25 

43 

,42 

36 

51 

rHiS 

— 10 

30 

15 

24 

20 

— 01 

20 

15 

37 

.24 

fJ4 235 

— 22 

.21 

,19 

23 

14 

0+ 

47 

,23 

.38 

,42 

ns 

.25 

.18 

.07 

11 

03 

09 

-10 

—.14 

—.08 

-04 

ns ,2 

25 

,18 

07 

10 

.03 

02 

— 26 

—.21 

—.26 

— 16 

fl5,3 

2+ 

09 

-12 

09 

-.03 

— 02 

— 16 

—.26 

—,13 

-15 

n5,4 

26 

-02 

— 16 

.05 

—.06 

— 01 

-22 

-34 

-17 

— 23 

rlS.23 

25 

.11 

— 12 

10 

01 

— OS 

—.27 

— 30 

-.27 

—.23 

rl5 24 

.34 

02 

—.19 

-.02 

— 05 

— 09 

— 44 

-42 

— 40 

-42 

rl3 34 

.2? 

-05 

-15 

-.02 

— 11 

—.02 

— 22 

—.30 

-17 

-.23 

ns 234 

.13 

-.01 

— 20 

-.01 

— 04 

-.05 

—47 

— 37 

—,42 

—.41 
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tion and Scholarship Only the correlations between, the Total Bolts 
scores and these abilities weie analyzed. 

The paitial coirelation coefficients between the pioblems and these 
abilities are presented in Table 5 It is not practical to try to sum¬ 
marize all of the information contained m these tables. However, 
some of the high spots will be pointed out. 

1. In all instcinces but one, the relationship betwen tlic prob¬ 
lems and Scholarship is reduced fiom a positive value to a 
negative value or fiom a negative value to a greater negative 
when the other abilities are partialed out Thus, the zero order 
and third order partial coefficients between Series X and 
Scholarship are respectively Problem B, 18 and —01, Prob¬ 
lem C, 07 and --20, Problem D, 11 and —.01, and Problem 
E, ,03 and —0+ The zero order and third order partial 
coefficients between Senes II and Scholarship are respectively: 
Problem 09 and —05, Problem B, —10 and —47, Problem 
C, —14 and —37, Problem D, —.08 and —.42, and Problem 
E, —04 and —41. The actual size of these partial coefficients 
IS not to be consideied with finally as expressing the tiue 
partial correlation, because it must be remembered the zero 
order correlations with Scholarship were net reliable How 
ever, it h the consistency of the net reduction of correlation or 
of the appearance of the negative partial correlations between 
the problems and Scholaiship which merits mcniion 

2 The coctclation of the problems in Senes 11, Group II, 
with the Revised Minnesota Paper Form Board Test is, in 
general, maintained with small changes For example, the zero 
order and third order partial coefficients between Senes 11 and 
the Revised Minnesota Poper Form Board Test are respec¬ 
tively Problem A, 22 and 12, Problem B, 45 and 47, Piob- 
lem C, 20 and 16; Problem D, 45 and 48, Problem E", 34 
and 42. The same may be considered m the case of Problems 
A and B of Senes I, Group I 

3 The correlaiton with the Syllogism Test is reduced when 
the other abilities arc held constant, except for the relationship 
between this test and Problem D, rI4= 23 and rl4 235 = 23. 

4. In general, the correlation with the Otis intelligence 
test IS reduced when the othei abilities are held constant 
However, Probfems A and C in both scries maintain their cor¬ 
relation with this test better dian do the other problems 

S The correlations of Problems B, C, D, and E" in Series 
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II with the Mathematics test are materially increased when 
Scholaiship and the Re-vised Minnesota Paper Form Board Teat 
are partialed out These coefficients are respectively. Prom- 
lem B, 20 and +3; Problem G, ,2+ and 42; Problem D, 14 and 
3d, and Problem .33 and 51. (See r'g 14 and r’s 14 25) 

4. Multiple Gonelation between the Problems and the Ahililies. 
The multiple correUtions indicate what the problems as a battery 
measure In Tables 3 and 4 appear some first order correlations 
between problems and abilities which are comparatively high For 
example, in Table 3 consider Aimy Alpha vs. d (Time) and Otis 
vs. G (Total Bolts). By combining the pioblems into a battery 
by means of multiple correlation, it is quite possible that these abili¬ 
ties could be piedicted more accurately, 

Toops has devised a means for appioximating within 01 the 
actual multiple correlation between a battery of tests and a ciitenon. 
The cocfiicicnt, thus obtained, is known as the multiple ratio correla¬ 
tion coefficient. The statistical procedure is described in a monograph 
by Garfiel (1) The multiple coirelations between Seiics I and the 
Army Alpha Test, the Otis Test, the Mathematics Content Test, 
the Syllogism Test, and the Revised Minnesota Paper Form Board 
Test were computed For Senes II the multiple correlation with 
the Otis Test, the Mathematics Content Test, Henmon Nelson 
Test, and the Revised Minnesota Paper Form Board Test were 
computed. 

TABLE 6 


MultipT/E Ratio Corrblatiom between the Problems and Abilipies 



Senes I Giotip I 

Senes II Group II 

Ability 

Time 

Total bolts 

Time 

Total bolts 

Army Alpha 

62 

.56 



Otis 

.81 

.69 

52 

51 

Henmon Nelson 



.40 

32 

Mathematics Content 

Rev. Minn Paper 

.63 

.54 

.30 

.39 

Form Board (Powei) 
Rev Minn Paper 

,77 

64 



Form Board (Speed 
Form A first) 



.45 

.55 

Rev. Minn, Paper 





Form Board (Speed 
Form B first] 



92 

.67 

Syllogism Test 

.52 

,50 
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An inspection of Table 6 reveals two sets of outstanding results 
First, the multiple coi relation coefficients of the problems of Series 

I with the intelligence tests indicate the extent to which these 
problems can be made into a batteiy to predict intelligence ( 62, 
.56, .81, .69). The multiple correlations of the problems of Senes 

II with the intelligence tests arc lower ( 40, 32, .52 and .51) 

The second outstanding result is the multiple conelation of the 

pioblcms with the Revi'^ed Minnesota Papei Form Boaid Test In 
Group I, the multiple correlations are .77 and .64. In Group II, 
the multiple coirelations range between 45 and 92 It is to be 
recalled tliat the Revised Minnesota Paper Form Board Test was 
given as a work limit test to Group I and as a time limit test under 
two conditions to Group II. This test has two forms, A and B, 
Thirty students in Group II took form A first end then B, about 
37 took form B first and then A. The scoic on this test was the 
sum of the scores on the two forms Since these forms are equiva¬ 
lent, the fluctuation m the size of the multiple correlations is most 
likely due to chance variations and the small nunnber of cases in¬ 
volved The true correlation can reasonably be expected to fall 
somewhere within these extremes It is significant to note that 
multiple correlations as high as those which were obtained are found 
when the Revised Minnesota Paper Form Board Test is administered 
as a time limit (speed) or work limit (power) test. 

5. Multiple Factoj Analysis In the attempt to reveal the fac¬ 
tors responsible for the coirelations between the problems and the 
other abilities, a multiple factor analysis was made. Thurstone (16) 
has devised a simplified procedure for determining the factor load¬ 
ings which operate in a table of intcrcorreUtions The correlations 
between the Total Bolts scores and the measures of abilities for both 
Series I and Senes II were analyzed and the results are tabulated 
in Table 7. The coefficients under the headings, Factoi Loadings, 
1, II, and III, express the degree of correlation existing between 
the variable to the left and the factois For example, the factor 
loading of 40 for Problem A and Factor I expresses the correlation 
to be expected between Problem A and a measure of Factor I if one 
were available. 

Senes I. For Group I, a factor (Factor Loading I) is present 
which operated positively in all the problems and in all the abilities 
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TABLE 7 


Factor Loadincs Ootaini& nioM thb Istfrcorrclations between Total 
Bolts And Tilt Abilities 




Series I Group I 


Senes II Gioup 11 



Factoi loadings 


Factor loading'! 



Variables 

I 

II 

III 

I 

II 

HI 

l 

Pfoblem A 

40 

li - 

•11 

S3 

— 13 

.18 

2 

Problem B 

72 

41 

33 

S7 

— 47 

-03 

i 

Problem C 

6\ 

36 - 

■V6 

.55 

— 35 

31 

4 

Problem D 

53 

66 - 

-06 

S9 

— 48 

—01 

}. 

Problem £' 

37 

12 - 

-.11 




6. 

Problem £'* 




65 

— 44 

.32 

r 

Two-Year Sdiolarslup 

.47 

-29 -- 

-21 




3. 

One-Year Scholarship 



21 

24 

39 

-.10 

j 

Army Alpha 

80 

— 17 




10. 

Otis S. A. 

59 

—.20 

24 

.6S 

36 

■22 

11. 

Henmor NeUor 




58 

38 

-18 

12 

Mathematics Content 

48 

-10 - 

-66 

60 

56 

,30 

13. 

English Content (I 




32 

26 

-11 

14. 

Stenquiit 1 

-03 

— 26 - 

-19 




IS 

Thustone Personality 
Scbeduls 

07 

— 17 

49 

' 



u. 

Syllogism Test 

73 

— 37 - 

-12 




17. 

Rev. Minn Paper Form 
Board (Work llmil test. 
Form A first) 




62 

~U 

—,76 

IS 

Rev Minn Paper Form 
Board (Time limit tent) 

47 

—.22 

22 





but the Stenquist Test. The influence of the flictor loading in this 
test and also in the Thuwtone Penonality Schedule, for practical 
purposes, is negligible. This factor, highest m Pioblems Bj C, D, 
Army Alpha, Otis, and the Syllogism Tests and practically negligi¬ 
ble m the Stenquist Test of Mechanical Ability and the Thurstone 
Personality Schedule miglit well be conceived as an intelligence 
factor The positive operation of Factor II in the pioblems, and 
negative in all the other abilities, is intciesting It is not clear 
what this factor is, Factor III operated positively only in Prob¬ 
lem B In the other problems the factor loadings are very low and 
negative It is, also difficult to determme what this factor is 

iSencr I! In this series Factor I is, m all piobability, the 
same factor as Factor I in Senes I It also could well be consulered 
as an intelliEence factor, the loadings in Otis qnd Henmon Nelson 
being 68 and .5S. The loading of 60 for Mathematics is not sur- 
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pnsing since in this expeiiment the conelation between Mathematics 
Content and Otis is .37 and with Henmon Nelson 51 One might 
question the identification of Factor I because of the loading of .62 
for the Revised Minnesota Paper Form Board Test. However 
the Revised Minnesota Paper Form Board Test is also a measure 
of mtelligcnce. In this experiment it correlates with Otis .28 and 
Henmon Nelson 63 The authors of the original Minnesota Paper 
Form Board point out that “this test itself is subject to the criticism 
that it is not as unique with lespect to intelligence as are the other 
two surviving tests” (13j p. 300) Factor I operates more uniformly 
in all the problems in Senes II than in Series I. 

Factoi II opeiated negatively m the live pioblcms and the Revised 
Minnesota Paper Form Boaid, and positively in tlie remaining abili¬ 
ties Such a situation suggests tliat it may be a language factor. 
Factor III in Series II is also difficult to identify. Its heavy negative 
loading in the Revised Minnesota Paper Foim Board Test is out¬ 
standing. This factor operated positively m problems C, E, and 
practically not at all in B and D. The factor analysis was earned 
out to the determination of only three factors Other tactois exist, 
although It IS tiuc that each succeeding factor is a residual factor and 
is of less weight and importance 

V Discussion and Interpretation 

Intelligence, Theie can be little question of the fact that intelli¬ 
gence IS an important factor in the solution of the problems Any 
particular concept about the nature of intelligence need not interfere 
with the recognition of its importance in the solution of these rational 
learning pioblems In planning this lesearch, one aim had been to 
devise problems which would offer something which ordinary intelli¬ 
gence tests did not. On the contrary, the data indicate that there 
IS much m common between the rational learning problems and the 
tests of intelligence The evidence in suppoit of this observation 
beyond the mere fact of the positive conelation between the prob¬ 
lems and tests of intelligence is twofold First, there are the mul¬ 
tiple correlations betweai the problems and the intelligence tests 
Secondly, there is the presence of a common factor in the pioblems 
and the intelligence tests. 

Spatial Factor. The multiple correlations with the Revised Min- 
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nesota Paper Form Board Testi both as a time limit (speed) test and 
a wotIc limit (power) test emphasize the spatial chaiactei istic of the 
problems The solution of the problems necessitates an understand¬ 
ing of the spatial or pattern relationships among the bolts The 
multiple correlation with the Revised Minnesota Paper Form Board 
Test as a work limit test indicates that the element of rapid adjust¬ 
ment to the tasks is not the most important in the positive coi relation 
between this test and the problems. 

Visual and Veihal Methods of Bolntion, The partial correlation 
analysis revealed a relatively high negative correlation between the 
problems and Scholarship In this analysis, the abilities represented 
by the Otis S.A Test, the Mathematics Content Examination, the 
Syllogism Test, and the Revised Minnesota Paper Form Board 
Test were partialcd out This negative partial correlation indicates 
that some factor was present which contributed positively to the 
solution of the problems and negatively to Scholarship. Is it possible 
to discover what this factoi is? 

One hypothesis which would explain this negative partial correla¬ 
tion is that there are visual and verbal methods or habits of solving 
the problem. If this hypothesis is correct, we would expect. 

1. That because of the nature of the problems "visuallzers*' 
would do better on the problems than ‘'verbaUzers.’' 

2 That "visualizcra” would be poorer in Scholarship than 
"verbalizers'’ since Scholarship and its measure of performance 
aie almost entirely verbal.* 

A verbal solution is one m which the subject achieved the solution 
by talking over to himself the relationships between the bolts. In 
such a solution, interpretation of the relationships between the bolts 
is present, For example, a subject may discover that a column of 
bolts, one below each other, rings the bell. He might recognize that 
this line represents a figure “I" or the side of a square, etc Or m 
another case, a subject may discover that there is a horizontal row 
of bell bolts beginning at the top bcH bolt in the above-mentioned 
vertical column He might think to himself that these two lines are 


The subjects In this experiment were emoUed in a liberal arts college 
It li quite likely that if the subjects had been pursuing an engineering 
course involving consideroble drawing, drafting, and descriptive geometry 
other results would have been obtained 
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at liglit angles to each other It might be the beginning of the letter 
"E,” or "Oi” or “F” or "B.” On the other hand, a visual solution 
was one in which the subject recognized the pattern by picturing or 
getting a mental image of it There was an absence of the above 
reasoning out of the pattern. The subjective reports at the end of 
the experiment contained information from which it was possible 
to characterize the solutions to the pioMeras as verbal or visual. 
Unfortunately this chai acterization was not possible in all of the 
cases because the lepojts were too meager and incomplete. 

Although Pioblem C involved no figuie or design, there were 
reports too, that this pioblem was solved by visual means. There 
were icpoits of ohseivation of the space between bell bolts The 
reports indicated tiiat subjects noticed that the distance between 
successive bell bolts increased uniformly. Then, there would follow 
closer scrutiny of the numbei'S on the bolts with the discovery of the 
numeiical relationship Such methods of solution were also classified 
as "visual solutions." Verbal solutions, on the other hand, were 
those in which the subjects looked for an arithmetical or geometrical 
progression, in which they subtracted the numbers on the bell bolts 
from each other, and in which they counted the number of bolts 
intervening between successive bell bolts. 

Most of the solutions remain unclassified When the experiment 
was begun and as it progressed, there was no expectation or knowl¬ 
edge of such analysis. Consequently, the leports were not guided 

TABLE i 

MzAu Scores roR Verbal and Visual Solution 

Group I Group 11 

Verbal Visual Verbal Visual 


Problem 

M 

N 

M 

M 

M 

N 

M 

N 





Time 





n 

246 

9 

160 

IS 

197 

24 

155 

22 

G 

236 

21 

147 

6 

120 

12 

124 

17 

D 

26S 

9 

173 

16 

193 

18 

182 

19 

E' 

180 

4 

112 

19 





E" 





219 

20 

198 

8 




Toia/ bolts 




B 

268 

9 

194 

15 

207 

24 

189 

22 

C 

146 

21 

90 

6 

131 

12 

83 

17 

D 

335 

9 

219 

16 

242 

18 

19S 

20 

E' 

235 

4 

147 

19 





E" 





232 

21 

204 

8 
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SO as to give information on this point Tabic 8 contains the mean 
time and mean total bolts requiied for those who could be considered 
to have used verbal solutions and for those who used visual solutions 
of problems B, G, D. and Problem A. was so simple that 
httlc was ever said about it, and thus the solution of this problem 
could not be classified 

In every case but one, the mean score for visual solution is smaller 
than the mean score for verbal solution Because the number of 
cases was so small, the reliability of the differences was not ascer¬ 
tained. Howevei, the consistency with which this superiority of the 
"visualizers" over the “verbalizers” obtains, and the size of the differ¬ 
ences suggest that these diffeiences are of significance. Tlic only 
instance m which the “visualizers” have a larger mean than the 
“verbaUzcrs” is the Time of Problem C for Gioup II In this 
instance the mean for “vcrbalizcrs” is 120 and for “visualizers” 124. 

It is of interest to compare these results with results obtained by 
Warden (17) in an experiment upon stylus maze learning He 
found that the mean in trials to learn the maze by those who used 
a ‘Vard reaction” mode of attack (verbalization) was less than the 
mean for those who used a “visual imagery” mode of attack (vis¬ 
ualization). These means wcie lespectivcly 32 2 and 67 9 The 
comparison between these results biings out the importance of the 
nature of the problem in determining the efficiency of a method of 
solution 

VI. Summary and Conclusions 

1 Two scoies were obtained, one, the time required foi the 
solution plus the check, and two, the total number of bolts touched 
during the solution plus the check. The mean correlation between 
the Time Scores and Total Bolts Scores is .75 (Series I) and 76 
(Senes II) 

2. The average mtcrcorrelation between the Time Scores of the 
problems of Scries I is 32, and .39 for the Total Bolts Scores. In 
Senes II and III the average mtcrcorrelation betiveen the problems 
Is higher In Series II for the Time Score it is .45, and for the 
Total Bolts Scores it is 46 For Series III, the average inter- 
correlation for the TiiUe Scores is .50 and for the Total Bolts Scores 
.52 
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3 {a) Zero order correlation reveals the following relationships 

between the problems and the other abilities. 

Army Aiphn coriBinted higher with Problem A and Prob¬ 
lem B ( 4-6, 39’ and 34-, +3 lespectively) than with any ol the 
other pioblems The Henmon Nelson Intelligence Test has 
only a low correlation with the problems tn Senes II, the high¬ 
est being with. Problem A (28) Considering Time Scores and 
Total Bolts Scores for both Senes I and II, the Otts SA Teat 
correlated highest with Pioblem C (71, 55 and 44, 39) in 
both series 

The corielations between Scholarship and the problems are 
generally low positives and negatives Only two correlations 
are above .25 These are between Scholarship and Time 
Scores of Problem A in Senes I (23) and between Scholarship 
and Time Scores of Problem C m Senes 11 (27). 

Mathematics Content Examinatioii correlated highest with 
the number patterns, Problems B' and B" of the problems in 
both senes considering both the Time Scores and Total Bolts 
Scores (4S, 35 and .10, 33). 

Mechanical Aptitude as represented by Stenquist I has very 
little correlation either positively or negatively with the series 

The Thur^tone Personality Schedule also correlnted low with 
the problems, positive with Problems P and C and negative with 
Problems A, D, and E' 

The corrclnuons between the Syllogism Test and the problems 
are highest for Problems B and C, Time Scores and Total Bolts 
Scoies (31, 41 and 49 and 41) 

English Content II has little correlation either positively or 
negatively with Seiies II 

The Revised Minnesota Paper Form Board Test correlated 
highest vsith Problem B of all the problems in both Series I and 
Senes II (.70, 36 and 39, 45, and 64, 60) The Paper Form 
Boaid Test also has positive correlation with the Time Scores 
of Problems C and i), and tbe Total Bolts Scores of Prob¬ 
lem D 

(^) Tile partial correlation anal3’’sis revealed a negative rela¬ 
tionship between the problems of Series II and Scholarship when 
the Otis Test, The Revised Minnesota Paper Form Board Test, 
and the Mathematics Test were partialed out A tendency toward 

’Whenever two coefficients are given in this manner, the first refers to 
the correlation for Time Scores, and the second for Total Bolts Scores 
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negative correlation was revealed in the case of Senes I, except for 
Problem In Problems A and B of Senes I and in all the prob¬ 
lems of Series II the correlation with the Revised Minnesota Paper 
Form Board Test is generally maintained when the higher order 
partial coefficients are computed. The correlation of Problems A 
and C with the Otis Test is little affected by the application of partial 
correlation. 

4 In general, higher multiple correlation is obtained between 
the problems and the intelligence tests and between the problems 
and the Revised Minnesota Paper Form Boaid Test than with any 
of the other measures of abilities. Larger multiple correlation with 
intelligence is found for Senes I than for Series II. For Senes I, 
the multiple correlations with Army Alpha are .62 and 56, and with 
Oti» 81 and .69 For Series II, the multiple correlations with Otis 
are .52 and .51 and with Henmon Nelson .40 and .32 The mul¬ 
tiple correlations with the Revised Minnesota Paper Form Board 
Test are for Series I .77 and .64 and for Series II 43, 55, .92, 
and .67, 

5. The multiple factor analysis reveals a conspicuous factor oper¬ 
ating in the ability to solve the problems and the variables repre¬ 
sented by the other tests of abilities except Stenquist I and the 
Thurstone Personality Schedule in which this factor has for practical 
purposes a zero loading. Factor tl operated positively in the prob¬ 
lems of Senes I and negatively in the other abilities. Factor II 
operated negatively in the problems of Series II and the Revised 
Minnesota Paper Form Board Test, and positively in the remaining 
abilities. Since there are different tests in each group, Factors II 
and III, the group factors, are probably not the same, and the 
reversal in signs for Factor II is difficult to interpret, The analysis 
was earned out to the determination of only three factors. 

6 The satistical analysis of the results obtained with the rational 
learning problems in this experiment brings out three important 
conclusions, 

1. Intelligence, aa measured by the intelligence teats used, 
is an important factor in the ability to solve these problems. 

2. An element of a spatial pattern and relationship aa 
measured by the Revised Minnesota Paper Form Board Test 
operates in the problems, 
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3 The hypothesis was suggested that there may be two 
methods of solution, n verbal and a visual, and that the visual 
method is the more efficient 
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TIME TAKEN BY EYE-MOVEMENTS IN READING* 

Milbs a Tinkeb 

The time taken for fixational pansM plus that for eye-movements yields 
the total reading time for any selection. It is well known that no clear 
vision occurs during the eye-movcmenls in reading, that a very large pio- 
portion of the total reading time is devoted to fivfltional pauses, and that 
perception occurs during these paubes. Although the natine of the iiitntional 
pause has hceti thoroughly studied, comparatively leas la known about the 
charnctenstics of interfixational eye-movements. 

Incidental information fiom the investigations of Erdmann and Dodge 
(I) and Shen (2) revealed that the proportion of the reading time taken 
by eye«movcmert8 fluctuated between 5 1 and S.l pet cent, with the ma- 
jority of the determm.itiona clustered dose to six per cent In ti preliminary 
study, Tinker (3) found that 2 8 to 7.6 per cent of rending time was devoted 
to eye-iflovfimefita. The average was 5.9 per cent Prom at analysis of his 
own teaulta and those presented by Erdmann and Dodge, Tinker pointed 
out that the proportion of reading time taken by the moves was apparently 
determined in part by the reading attitude. With rapid, straightforward 
reading of easy material a larger percentage of time was taken by moves 
than in careful and analytical reading In a more recent study Walker 
(4-) reports that on the average 10 per cent of the reading time waa taken 
by the moves In each of the three selections which varied In difficulty ‘ 
Walker’s findings are out of line with previous findings in two respects. 

(1) Hi 8 movement-tune duration of 10 per cent is the largest ever reported 

(2) He faded to obtain a change in the percentage of time taken by eye- 
movements when the difficulty of the reading material was changed, as did 
both Erdmann and Dodge, .md Tinker 

To check previous findings and to obtain a more comprehensive picture 
of the changes m eye-movement time produced by vaiiatlon m reading 
material, a new experiment was performed to determine the variation in 
eye-movement time with (1) variation m printing arrangement of material 
used, (2) variation in dtfficnUy of the material rcadj and (3) variation in 
type of reading response which consisted of ora! reading, sdent reading, 
and Single-word response on multiple-choice test material 

*The expenses of this study were met by a research grant from the Grndu- 
ote School, University of Minnesota 

^here 18 a typographical error in Walker's Table 3, p. 103 Citation of 
Tinker’s data for formulas should be 97 2 and 2.8 rather thnn 90 and 10 
per Cent of time taken by perception and by moves respectively 

468 
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Ten university students with normal vision served as subjects in the 
experiment Eye-movements were photographed while nine different selec¬ 
tions of approximately ten lines each were read, Comprehension of the 
reading was checked Each subject was adapted to the experimental 
situation by piactice trials Text read qU the practice trials furnished 
context for the materials read in the expeiimental senes The reading 
selections, nil printed in IC-point type with 2-point leading on eggshell 
paper, are listed below. 

Si^leclion B, very easy piose (fourth-giadc level), 2S-pica 
line width, silent reading 

Seleeiion X, very easy prose, 2S-pica line width, oial reading 

Selection C, easy narrative prose (from Stevenson’s ‘'Kid¬ 
napped"), 9-pica line width, silent reading 

Selection Z), easy narrative prose, 19-pica line width, silent 
reading 

Selection E, easy narrative prose, 40-pica line width, silent 
reading. 

Selection F, hard scientific prose (compaiative psychology 
literature), 2S-pica line width, silent reading 

Selection G, Algebra problem including formulas, 20-pica 
line width, silent rending. 

Selection H, Chapman-Coolc Speed of Heading Test, 19-pica 
line width, silent reading with a single-word oral response 
on each section to show comprehension 

Selecixon I, five multiple-choice examination questions on 
general infcimation, 25-pica line width, silent reading with a 
single-word oral response in giving the answer 

This material has a vvide range of difficulty and includes several types 
of reading material printed in a variety of airangements It is obvious 
that several methods of response vi'ere requued from the readers 
The photographic records were enlarged with a projection lantern and 
carefully read for pause duration and movement duration, Rc-reading 
part of the records revealed a very high degree of constancy in the 
reading. The unit of time used was one-fifticth second Combined results 
for mac types of material and for the ten subjects follow 
Average movement time per selection == 71 9, A D =46 
Average pause or perception time per selection = 961 6, A D = 1114 
Percentage of time devoted to moves = 73 
Percentage of time devoted to pauses = 92,7. 

Ratio of movement time to pause time = . 1 . 

12,7 

These data are quite comparable to those cited by Tinker (3) Individual 
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differencfis were rather marked in both movenifint times (64-2 to 79 3) and 
pause times (68S.0 to 1162 4) although they were relatively much greater 
for the pause times This indicates relatively greater stability for the 
movement timcB, a trend which is also revealed by the average deviations 
cited above. 

The data for movement time and pause or perception time for each kind 
of material and the ratio between the two are given m Table 1. The per- 


TABLE 1 

Aveil/ice Percentaoe or Reading Time Taken dy Moves and dy Pauses and 
Average Ratio of Movement Time to Pause Time 



Measures 

compared 

B 

X 

Kinds of 

G D 

reading mateiial 
E F G 

U 

I 

r. 

Move, time % 

96 

62 

64 

8 1 

8.5 

7,3 

5 3 

79 

6.2 

ir 

pause, time ‘fo 

90 5 

93 8 

93 6 

91 9 

91.S 

92 7 

94 7 

92,1 

93 8 


Ratio * I II 

1 

1 

1 

1 

1 

1 

1 

1 

1 



9S 

15-7 

151 

116 

11.1 

132 

13 3 

11,9 

156 


•Each ratio Is a group average of ratios, not 


9.6 

90 S 


, etc 


centage of time taken by the moves varied from S.3 for the reading of an 
algebra problem (<5) to 9 6 for reading very simple prose {B) This 
mentis that from (approximately) one-nineteenth to one-tenth of the reading 
time was devoted to eye-movemenls. The smaller percentages of movement 
time seem to occur with reading the more difficult material (P and G), with 
oral reading (^), with narrative m very shoit lines (C), and with objec¬ 
tive questions (/) In contrast, the larger percentages appeared when 
easy prose in medium or long lines was read silently. The differences in 
percentages for movement time, however, are probably not significant, with 
the exception of the extreme values That is, movement time for the silent 
reading of easy prose is proportionately greater than for the reading of 
difficult material (9 6 vs. 5 3 per cent). Apparently analytical reading, 
as for selections 0 and /, requires more and longer pauses and conse¬ 
quently a longer perception time than for reading easy narrative prose 
Our 9 6 per cent for movement time in rending very easy material cor¬ 
responds closely to the 10 per cent found by Walker (4). His failure to 
find variation in percentage of movement time with change in difficulty of 
the textual material was possibly due to the fact that he employed only 
highly efficient readers Probably nil material was fairly easy reading for 
them In general the findings of this study confirm those previously cited 
by Tinker (3) 
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Conclusion 

Fov all materials, less than 10 per cent of the reading time was taken 
by eye-fflovementa. The range was S3 to 9 6 per cent (about one-nine* 
(eenth to one-tenth) with an average of 7 3 (about one-thirteenth) per cent 
This allowed about 93 per cent for the pauses or perception time, In gen¬ 
eral, the more careful and analytical the reading, the smaller the relative 
time taken by moves Apparently in the more complex types of reading, in 
which the mental processes of apprehension and assimilation become in¬ 
volved, leas time is devoted to movements and more to pavises which aie 
the periods of perception In oral reading and in reading very short lines 
of narrative there was also a tendency to devote relatively more time to 
pauses The findings In this study are in close agreement with previous 
resulta 
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BASAL METABOLISM AND MAZE LEARNING IN RATS 
W. T Hbron and Sidnby Yucbnd 
I. Introduction 

The present paper is In the nature of a preliminary report of a pro¬ 
gram of experimentation which we hope to pursue m the animal psy¬ 
chology laboratory of the University of Minnesota during succeeding years. 
This program is based upon the assumption that behavior can be understood 
fundamentally only in the light of our knowledge concerning the biological 
factors underlying that behavior. 

It is admitted that an interesting and, for many purposes, a valuable 
system of behavior may be built without the systcmatlzer’s having recourse 
to other than psychological terms and concepts We believe, however, that 
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aysteias of this kind must and will give way as knowledge of the biological 
mecKaiiUm underlying behavior iacreases 
The particular behavior under consideration at the moment is that of 
rna^e learning In rats However, instead of using the more usual technique 
of ruoDing a group of animals and then correlating their ma^e records 
with some physiological, neurological, biochemical, or histological measure¬ 
ment, "wc have determined to develop two Unes of animals by a process of 
selective breeding similar to that used by Tryon (6) with reference to 
raase learning and likevrise similar to that already used by Rundquist (5) 
on, ao-callcd, spontaneous activity The advantage of this rather laborious 
method la that, if it is successful, one will eventually be dealing with two 
homogereous groups—one at either end of the distribution It may be 
possible also to extend the range of the total distribution beyond (hat which 
IB secured with a random sampling of a heterogeneous population The 
net owteome should be that the result* of comparing two such groups with 
reference to some other characteristic will be less liable to be rendered 
ambiguous through tlie induence of errors of measurements. 

II. Apparatus and Methods 

The maze used is the automatic one described by Heron (2) The pat¬ 
tern which is used is, m terms of the successive correct turns to be made 
by the animal, aa follows: LRLLRRLRLRRL The animals were given 
preliminary training in order to accustom them to the maze situation. 
They were run 27 (rials on the maze but only the errors on the last 2S ate 
used because the first two trials are so largely a matter of chance 
The method which we used for flic determination of the basal meta¬ 
bolic rate is essentially the same as that devised by Ebeling and Corey 
(1) for mice This method is fully described in the article to which we 
refer However, we should point out that' (1) We increased the si^e of 
the chamber in which the animal is placed in order to take care of the 
difference in she of the rat as compared with the mouse (2) We did not 
use an anaesthetic since we found that the rats would remain fairly quiet 
without It. In fact, many of them went to sleep during the test Under 
these circumstances, we decided that we would omit the anaesthetic as it 
is difficult to give in such amounts as to be sure that it does not affect 
the rate of respiration and thereby change the basal metabolic calculations. 
(3) We did not use a constant temperature water bath The tempera¬ 
ture of the room m which the records were taken remained constant within 
a few degrees and, since a temperature correction is made in the cal¬ 
culation of the respiratory quotient which in turn enters into the calcula¬ 
tion of the basal metabolic rate, it did not seem essential to use the water 
hath. 
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III Results 

The data presented in Table 1 are from the F2 generation of animals 
This means, of course, that the two groups of good and poor maze learn- 

TABLE1 

Comparison of Bright and Dull Animals in Respect to Average 
Errors in the Maze and Average Basal Metaqolic Rate 
{Cal/gm.Ar.) 



Numbers 

in parentheses 

= number of 

cases 




Blight 

Dull 

D 


Group 

Errors 

94 (26) 

128 (16) 

34. 

6.53 

1 

B.MR 

5 89 

5 26 

.63 

357 

Group 

Errors 

80 (24) 

92 (35) 

12 . 

5 S9 

2 

BMR 

7,27 

6 36 

91 

313 


era are not yet well aepatated If one inspects the differences for errors, 
one finds that in group one there is a significant difference between the bright 
and dull animals ("Bright'* Indicates those animals the parents of which 
were relatively good maze learners, and “dvdl” indicates those whose 
parents were relatively poor maze learners. No other significance is 
implied in the use of these two terms) However, in group two there Is 
not a significant difference The difference between groups one and two 
is that group two was started in the maze after group one had been 
running in it for one week The reason for this was that it takes a number 
of hours for iO animals to go through the maze during the first few trials 
Therefore, it was thought wise to start one-half of the animals before the 
other half The animals started first were the older animals and there¬ 
fore all animals started the maze at approximately the same age 

A further inspection of the table will show that in basal metabolic rate 
the animals from good maze learning parents show a slightly higher rate 
than those from poor maze learning parents in both groups one and two. 

IV Discussion 

The data here presented are not to be interpreted aa proving that baafll 
metabolic rate is related to maze learning This experiment Is explora¬ 
tory in nature only Howevei, the tendency of the data is such as to lead 
to the thought that, when the process of selective breeding has proceeded 
far enough to give a good separation of the biight and dull strains, then 
there may be found a definite difference in the basal metabolic rates of 
the two strnina This tentative conclusion is further indicated by the con¬ 
junctive results of two other studies Rundquist and Beilis (4) found, m 
their study of the basal metabolic rates of active and inactive strains of 




474 


SHORT ARTICJ.es AND NOTES 


animals, that the inactive atraici have a lower rate than the active strain 
Rundq^uiat and Heron (5) found that the inactive strain is poorer in maze 
learning ability than the active strain. 

If this tentative conclusion la substantiated by further work then this 
question will arise What la the nature of the relation between these two 
characteristics? The snswer to this question may hinge first npon the 
factor of motivation A. higher metabolic rate means that fuel is being 
used more rapidly. Since the animals all receive the same amount of food, 
it may be that those with the higher metabolic rate are more highly 
motivated at each trial This hypothesis may be tested by using a device 
to measure motivation or by changing the motive and incentive from hunger 
and food respectively, to some other condition, e g, escape from water. 

However, that U just one side of the problem; the other side may be 
stated In the form of this question' What is ihe physiological basis of the 
higher metabolic rate? Probably the most promising first line of Attack 
upon this problem would be a study of the thyroid gland since the activity 
of this gland is known to influence the metabolic rate. 

These suggestions are made to show how >t may be possible ultimately to 
understand the nature of individual difference in maze learning ability 
in terms of physiological and neurological factors underlying that ability 
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THE MOMENT OP STUTTERING* 

Wbndell Johnson and John R Knott 

In reviewing available reports of research dealing with stuttering, observ¬ 
ing clinical cases, and analyzing our own stuttering, wc arrived at the con¬ 
clusion that no available interpretation accounted adequately for all of 
the facta to be found in n study of the moment of stuttering. We therefore 
drew up an hypothesis to account for the phenomena related to the moment 
of stuttering, submitted this to the test of further and more intensive ob¬ 
servation and analysis (such observation and analysis being made m actual 
speech aituntions rather than in laboiatory situations), revised it repeatedly, 
and finally formulated it as here presented. Our interpretation involves 
configurationiam, which is defined ns “the theory that psychical and physical 
function occurs through configurations acting as units or in interrelation" 
(4). Our interpretation should be regarded ns tentative. 

According to our interpretation, the moment of stuttering may be broken 
down Into four fairly distinct configurations the neurological, the precipita- 
tive psychological, the reactive psychological, and the communicative 
The speech disturbance which is called stuttering mny then be defined as 
the manifestation of conflict between the communicative configuration and 
one or more of the other three configurations. We do not mean to imply 
that this conflict occurs characteristically on a conscious and voluntary level, 
Figure 1 U a schematic analysis of die moment of stuttering as interpreted 
here. The neurological configuration includes a general factor which 
Travis (3) has termed & gradient of excitation with fluctuating stability 
subserving the speech function, and a group of special factots—•uanaient 
physiological states—such as fatigue, physical injury and shock, toxic and 
nutritional conditions, and the physiological accompaniments of that emo¬ 
tion which IS no way a reaction to stuttering. There is another special fac¬ 
tor which has its genesis in the effects of the operation of the configurations 
opposed to the communicative configuration, this factor is to be identified 
as the physiological accompaniment of emotion which is a reaction to stuttering 
These special factors may operate to interfere with the maintenance of a 
degree of stability, in the above-mentioned gradient, sufficient to prevent 
neuromuscular incoordination in the operation of the speech mechanism. 
The prccipitntive psychological configuration heads up dynamically in the 
impulse to inhibit expected stuttering, which u expressed overtly, as far as 
the objective description of it is concerned, as a partial inhibition of speech 
This impulse to inhibit is aroused by the definite expectation of stuttering, 

•This paper is a part of the publications resulting from the University of 
Iowa Program of research on stuttering directed by Professor Lee Edward 
Travis 
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This in turn is precipitated by various psychic and organic cues to -which 
the stutterer is made more and less sensitive by variations in the strength of 
the desire to avoid stuttering. 

Insofar as this configuration is related to a particular spasm it is precipi- 
taUve in nature, but it must also be recalled that iniofai as this particular 
spasm stands in relationship to post spasms, this configuration is reactive 
m nature. However, since we are here dealing only with the moment of 
stuttering, we have treated it id the former sense 

The reactive psychological configuration heads up dynamically in the 
impulse to inhibit the continuation of stuttering, which impulse is overtly 
expressed, again as far as the objective description of it is concerned, in a 
furtherance of partial inhibition of speech. This reactive Inhibitory impulse 
is activated by a desire to avoid the continuation of stuttering which is actu> 
ally being experienced during this moment of stuttering. 

The communicative configuration may be described os the impulse to com¬ 
municate 01 ally, and the execution of that impulse, together with the stimuli 
arousing it These stimuli appear dynamtcnlly in the social milieu in which 
the stutterer finds himself The communicative impulse which they arouse 
may activate the desire to avoid stuttering and the expectation of stuttering. 
The conflict between the communicative configuration and the other three 
configurations takes piece at points 1, 2, and i as shown in Figure 1 

In the boxed area in Figure 1 are represented the types of disturbance 
which are recognued as stuttering. During any given moment of stuttering 
all three types of disturbance, or any two of them, or any one alone may be 
present, with the exception that the inhibition involved in the reaction to 
the given moment of stuttering very probably does not occur m the absence 
of one or both of the ether two types of dislurboncc 
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Figure 2 sIiowb more clearly the inter-configurational conflict during the 
moment of stuttering. Area A represents the communlcotive configuration 
versus the precipitatlve psychological and the neurological configurations. 
The resultant conflict is manifested in partial inhibition of speech, precipi¬ 
tated by the impulse to avoid expected stiitteringj and in neuromuscular in¬ 
coordination. Area B represents the communicative configuration versus 
the neurological and the reactive psychological configurations, The con¬ 
flict here is manifested in neuromuscular incoordination and in partial Inhibi¬ 
tion of speech, arising out of the impulse to inhibit the continuation of stut¬ 
tering Area C represents the communicative configuration versus the pre- 
eipitative and reactive psychological configurations This conflict ts mani¬ 
fested in partial inhibition of speech precipitated by the impulse to inhibit 
expected stuttering, and in further partial inhibition of speech arising out of 
the impulse to inhibit the continuation of stuttering. It is to be noted that 
the speech disturbance represented ]n this area does not involve neuromus¬ 
cular incoordination Area D represents the conflict between the communi¬ 
cative configuration and the other three It is manifested in all three of the 
types of disturbance which have been described. 

The therapeutic implication ts that the configurations opposed to the com¬ 
municative configuration must not merely be controlled through superficial 
alteration but must be reduced to the point of ineffectiveness 

This interpretation includes what vre regard to be acceptable in previous 
interpretations of stuttering, and it differs from them in various respects In 
the first place, it is to be understood that this paper deals with the mmtnt 
of litiltemg, rather than with stuttering as a long-term condition. It indi¬ 
cates the extent to which the theories of Travis (3), Bluemel (1), and 
Fletcher (2), in particular, account, each in Its own way, for the phenomena 
involved In the moment of stutteiing, and it alto indicates the manner in 
which these various theories may be related. 

In preparing this paper we have intended only the presentation of essen¬ 
tials, and, therefore, we have purposely avoided the elaborations which are 
obviously indicated We have meant to set forth a framework for further 
and more intensive investigation of stuttering, and also an interpretation 
in terms of which a broader and generally more adequate understanding of 
stuttering might be immediately possible. 
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THE FACTOR OF ATTENTION IN RELATION TO 
THE MOMENT OP STUTTERING* 

John R Knott and Wbndbll Johnson 

In a previews article (1) we have interpreted the moment of stuttering na 
Involving one neurologict! and three psychological configurations, dynamic 
In nature, which act upon the stutterer In brief, speech, the product of the 
communicative configuration, is interfered with by 

a. A precipitatlve inhibitory configuration, which may be described aa 
the impulae to inhibit expected stuttering. 

b A neurological configuration, acting through insufficient hemispheri¬ 
cal dominance of the speech gradient, as explained by Travis (2). 

c A reactive inhibitory configuration, which may be described as the 
impulse to inhibit the continuotion of stuttering. 

As a corollary to tins we now wish to propose that the precipitatlve in¬ 
hibitory impulse which provokes the moment of stuttering is brought about 
through the function of attention and, m the proper sequence, that the re¬ 
active inhibitory impulse is provoked also by the function of attention. 

A qualitative analysis of the moment of stuttering from this point of 
view may be sketched as follows. 

Given a communicative situation, and given a strong desire or drive on 
the part of the stutterer to spealc without stuttering (ie, to inliUjit stutter¬ 
ing), then the stutterer will have a strong tendency, as he participates in 
that situation, to attend to the following 

a potential stuttering (to be avoided) and 

b, actually experienced stuttering (to be avoided or minimized). 

Whenever, in attending to potential stuttering, toward which the stutterer 

expresses avoidance reactions, the total speech behavior tends to be in¬ 
hibited This attentiona) set hdghtens the stutterer’s sensitivity to such 
cues as may lead him to believe that the moment of stuttering is at hand, 


•This paper is a part of the publications lesulting from the University 
of Iowa Piogrnm of resenich on stuttering directed by Professor Lee 
Edward Travis 
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and m so doing it is instrumental catling out the actual inhibition of 
speech (stuttering). This is possibly analogous to the attcntional set utilized 
in reaction-time experiments involving the so-called muscular response, in 
which the attention is directed to the preparation to respond in a definite 
manner, any cue or signal being sufficient to act off the subsequent expected 
behavior, 

Once the spasm has occurred, aa precipitated by either the neurological 
or the psychological configuration, the reactive inhibition takes place, 
and with this is found the attentional set to (b) Herein the attention 
may be so great that the concommltant motor adjustment may be respon¬ 
sible for certain of the characteristic ayroptoms of the stuttering spasm, 
such aa the marked disruption, through Inhibition, of processes essential 
to the progreaiiofl of normal oral communication, 

From this discussion it is possible to set up n general low of the be¬ 
havior of the stutterer m a communicative situation 
The stronger the attentional set to stuttering, either potential or present, 
the more inhibited will be the speech behavior of the stutterer In that 
situation, this rule being valid in proportion to the degree that the atten¬ 
tional set provokes avoidance reactions on the part of the stutteiet 
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A study of the overt attention of young children 
DURING CLINICAL EXAMINATIONS 

Estksr K. Harris 

The purpose of this study* was twofold. (1) to determine whether a 
quantitative method of recording shifts m attention during n routine clinical 
developmental examination was practicable, (2) to study individual varia¬ 
tions in overt attention shifts in an effort to determine whether personality 
factors are of primary importance or whether certain modes of attention are 
characteristically found in children of aimilai age or of siniilat mtellec- 

*The study was made at the Clinic of Child Development, Yale University, 
under the direction of Dr, Ruth W Washburn 
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tunl status. By overt attention is meant apparent direction of the interest 
of an individual. 

The records were taken during routine clinical developmental examina¬ 
tions 80 that the eituation was relatively well controlled Only one child 
at a time was present. The observer wna seated behind a one-way-vision 
screen near enough to see the child clearly and to hear all that was said 
but herself unseen The child was seated at a table about ten feet from 
and facing the observer, The timing device used In making the records 
consisted of a Becker time-marker mounted like an earphone, which ticked 
in the observer’s ear every second. A check for each second could be 
made on a paper fastened on a clipboard without the removal of the ob¬ 
server's eyes from the subject^ A time-sampling method with five-minute 
intervals was employed. An average of three records was made of the 
behavior of the child 

The purpose of the observer was to give a picture of the child's be¬ 
havior with respect to attention os defined above throughout the time he 
was la the exammatlon room For this reason symbols for attention or 
non-attention alone were not sufficient; it was necessary to show what 
form the attentive or non-attcnnve behavior took This meant a set of 

TABLE 1 

Symbols for Rbcordinc Attention 

F Free use of materials presented without instructions 
A Watching while test materials are presented or put away 
A — Attempting to perform according to suggestion of examiner or 
using the materials in the right way without instructions 
Az Staring at examiner or materials after they are presented in¬ 
stead of performing according to suggestion, 

Ax Refusing to perform, shaking head, pushing materials away, etc 
Af Flay use of test materials, pushing, throwing, banging 
P Flaying with objects other than test materials 
0 Observing, looking about room 

fF Wriggling, playing with hands, etc 

G Gross motor activity, excursions about room. 

C Crying. 

F Vocalization, conversational jargon 

T Talking, words or sentences not part of the examination, 

L Laughing, smiling 

( Glance at mother 

) Glance at examiner 

These last five symbols were rarely used alone, but were inserted 
to express accompanying behavior They were not figured as per¬ 
centages The number of times the child talked or laughed wns 
recorded 


'For a more complete desciiption of this device see Washburn (1) 
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symbols adequate to cover as many types of behavior as possible pertinent 
to the problem. By the tnal-and-error and approximation method the 
symbols above were worked out and proved satisfactory. 

The observer found it possible to check pertincot behavior occurring in 
the examination room using these symbols. Tabic 2 shows a record of the 
behavior of Case 3 

TABLE 2 

Sample Fivc-MtNUTC Rbcoud 



43^ Attending to the test situation 

12% Free play with raatenals given for the purpose 
31% Attempting to perform 
2% Play use of test materials 

9% Staring at examiner or materials instead of attempting to per¬ 


form 

46% Moving about the room 

Looked at mother ' \ time 

Made voluntary remarks 9 times 

Laughed 3 times 

Number of attention shifts 10 times 
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In order to check the reliabili^ of these records, all the descriptive com¬ 
ment on the clinical examination record and the clinical examiner's descrip¬ 
tive account of the whole period were studied and compared with, the ob¬ 
server’s records If the attention record on the average gave a picture 
corresponding to the clinical record it wna checked -f- If it showed all the 
marked chatacteristics mentioned in the other accounts of the same period 
it was cliecked +4- Fif^ per cent of the cases were +, and 43 per cent 
were 4-4*. As the description was somebmes very meager, and as there 
js always a possibility in the time-sampling method that a given type of 
behavior may occur during a non-recoided interval without repetition 
later, this was felt to be a very satisfactory agreement, 

The group used for study was a heterogeneous one. Records were made 
of 29 subjects, 15 boys and 14 girls. The age range of these subjects 
was from 13 to 61 months, with a fairly even dUtributlon. 

The classidcations obtained from the clinical records ranged from de¬ 
fective to superior with the largest number of subjects falling in the 
average group. Although the numbei of cases was not large, it represented 
a sampling of children exnmined by the clinical service—17 dependent, 6 
With mental or physical defect, 3 behavior difficulties, 3 follow-up studies. 
A method of recording overt attention in a test situation vrhich has proved 
80 satisfactory for such a group is presumptively applicable to more general 
use 

For purposes of comparison the records were chronologically arranged in 
age groups of six-month intervals Graphs were made of those attention 
categories which occurred most often, yra, the total percentage of attention 
to the test objects, of gross motor activity, of refusal to perform, and of 
play use of mateiiai. The attention total showed more variation and was 
lower at 18-36 months than at any other time. At 18-2+ months this de¬ 
creased attention was accompanied by a marked increase in motor activity. 
This can be partly explained by the fact that the younger child is unable to 
leave, unaided, the chair at the small table where the examination is con¬ 
ducted When he acquires this abiliQT he practices it to the detriment of 
his attention score. Refusal to ferform was low at all levels with marked 
variation on a few records Play use of materials reached its highest level 
during the 13-24 months' period and showed a slight decrease in the upper 
age levels. The amount of talking or vocalning and the number of at¬ 
tention shifts were also studied but showed no special age differentiation 

A rearrangement of the records according to the reason of reference of 
the child to the clinic resulted in three groups—dependent children, children 
with physical or mental defects, and children who were brought in for 
guidance or checkup examinations Certain tendencies were characteiistic 
of these different groups The motor activity was practically the some for 
all of them, Refusal to perform appeared most consistently in the de- 
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pendent group. This group also exhibited a greater amount of -panwe 
resiiiance, staring at the examiner or materials instead of performing as 
instructed Pky me of viaimaU was most prominent in the group of 
defective children. The guidance group was characterized by greater free~ 
daw of speech 

The behavior pictures presented by these records are, then, gratifylngly 
accurate The picture shown by Case J, of the two-year-old, bent on 
exploration of his environment, is at once recognized as a true one bv those 
familiar with children of this age. Moreover, that the dependent chil¬ 
dren were more negative, the children with behavior questions more freely 
talkative, the defective children moie rigidly persistent in playing un- 
adaptivcly with the test materials—was corroborated by comparison with 
the clinical records Though the findings apply only to this particular 
group, the fact that there was correspondence between these and other 
findings in ihe study, of the same children is an added reason to indicate 
that tins quantitative method may be an aid to further study of the phen¬ 
omena of attention in clinical situations 

RBFEltBNCE 

1, WASHDURtf, R W. A device for milking the records of observations of 
behavior more precise J Cornf Psychol ^ 1932, Id, 331-333 


ANOTHER “INSIGHT" EXPERIMENT 

Fred S Keller akd Lyndon M Hill, Jr. 

In 1930 Tolman and Honzik (2) reported three experimental studies deal¬ 
ing with the problem of "insight” in rats Following the general technique 
of Hsaio's fl) earlier work, these Investigators sought to determine whether 
rats were capable of grasping “a material, inner relation of two things to 
each other." More specifically, their aim was "to discover whether a 
rat can get the ‘insight* that two paths have a common aection—that, if the 
common section is closed, both of these paths are useless and that only a 
third, alternative path not including the common section remains as the 
proper one whereby to reach the goal” 

Although the first of the Tolman-Honzilc experiments utilized a tunnel 
maze similar to the one with which Hsaio secured evidence of "insight” in 
the three rata of his experiment, the results were negative This was also 
the case m the second experiment when a tunnel maze, similar m principle 
but of different design, was used In the third experiment, however, with an 
elevated maze of the same pattern as that of Experiment II, positive results 
were obtained with nearly all of the animals used 
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Failure to confirm Hsaio’s results in the first of their experiments is con¬ 
sidered by Tolrnnn and Honzilc as possibly due to (a) the slightly altered 
shape of their maze or (i) the diffeience in amount and distribution of 
training preliminary to the "insight’* testa. The contradictory results of their 
own second and third experiments are attributed to the nature of the maze 
used in the latter. Since this maze had no sidewalls it enabled the rats 
"to ‘see' the situation as a whole" or at least "may have served to accentuate 
the relations between the paths*' 

The experiment reported herein was of the same general nature as the 
third Tolman-Honzik study. (For a detailed account of the latter the reader 
is referred to their paper.) The seven white rats used were females and 
litter-mates of Wistar stock, five months old at the beginning of training 



FIGURE 1 

Maze Used in Tolman-IIonzik "Insight” Experiment 
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Foe one week prior to the experiment proper they were placed upon a 
three-hour-a-day feeding rhythm, with a diet consiating of commercial dog 
biscuit aupplcraented occaeionnlly by fresh vegetables. The apparatus em¬ 
ployed was a reproduction of the Tolmao-Honzik maze (Figure 1), except 
for two details of construction (fi) there was a slight difference in the 
nature of the food box—a single, partially encioaccl platform serving in 
the present experiment; and (b) the “Gate” on path 2 was eliminated, 
blocking being done by means of cardboard blocks (18 in high x 13 in 
wide) which fitted snugly over the maze paths. Further mention of this 
change in blocking will be made later 

Pot the fiiat seven days of the experiment each rat was given six runs 
a day, with freedom to choose either of the three pathways. (The usual 


three-hour 

feeding 

followed the 

runs.) 

TABLE 

Table 1 

1 

presents 

the 

choices for 





Rat 





Path 
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2 

3 

4 

5 

6 

7 

Totol 
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21 

13 

30 

39 

36 

2i 

22 

189 

2 

7 

7 

2 

0 

4 

4 

2 

26 

3 

S 

8 

1 

0 

0 

6 

12 

32 

None 

9 

14 

9 

3 

2 

4 

6 

47 


each animal, together with the niimbet of times no pathway was chosen 
within a five-minute period. It may be seen that all of the animals showed 
a decided preference for path I, at least eight of the last ten runs of this 
series for each rat were over this route to food. 

Immediately following these runs each rat was given six runs daily, in all 
but one of which the caidboard block was present in the first segment of 
path 1 in Figure 1), leaving paths 2 and 3 alone accessible (The 
exceptional run, with all paths open, was selected at random from the day's 
trials.) This procedure was followed for seven days, with the results shown 
ia Table 2 In more than 90 per cent of the runs each animal went down 
path 1 to if and returned to the mab inteisection to choose paths 2 or 3 
On the fifteenlh day of the experiment the “insight'* tests were given 


Path 1 3 


1 7 4 

2 29 28 

3 6 9 

None 0 1 


TABLE 2 


Bat 

3 4 S 


5 2 7 

31 39 16 

6 \ 19 

9 0 0 


6 


3 

31 

B 


7 Total 


6 34 

23 197 

13 62 

0 1 


0 
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With the block placed in the common segments of paths 1 and 2 {B in 
Figure 1) the rats vrere released as usual and their behavior was carefully 
observed. Because of the importance of thU behavior in the discussion 
that follows, the conduct of rat I, which was typical, la recorded in detail 
below. 

Rat 1* ran to B, back to the nearest intersection of paths 1 and 2; out 
on path 2 about nine inches, paused, stood on hind legs facing and reach¬ 
ing in the food-box direction, then continued slowly down path 2 in the 
direction of the entrance. Halfway to the entrance she was removed and 
placed at the starting-point once more Again she went to B, and again out 
on path 2 for a short distance, and then turned around to retrace path 1 
slowly to the main intersection where she chose path 3 to food. 

Similar behavior was observed In all the other animals. Each rat, upon 
entrance into the maze, went to B and then turned into path 2 at the nearest 
intersection. Two animals (4 and t») acted m a manner almost identical 
to that of rat 1. Three of them (2, 3, and 5} behaved differently only in 
that they did not attempt to return over path 2 to the entrance. Instead, 
after finding the block at B, they entered path 2 for a short distance, paused 
(as had rat 1 ), and then slowly retraced path 1 to the main intersection 
where they too chose path 3 Rat 7 alone took path 2 after performing 
in the fashion of rats 2, 3, and 5 up to that point. 

This test was repeated three times On the second run the behavior of the 
rats was almost identical with that of the first, on the third and fourth 
all of the animals, after being blocked at B, merely paused at the nearest 
intersection, looked in the direction of path 2, continued retracing 1, and 
chose 3 to food 

Immediately after these tests a second phase of the experiment was car¬ 
ried out with the same subjects end technique, but with a slight change in 
apparatus, The third segment of path 2 (the one first entered in the return 
trip from B) was hinged at its outer end and joined to path 1 in a manner 
that permitted it to be quietly disconnected from the latter when the experi¬ 
menter pulled a cord attached to the path and running through a pulley 
above the maze 

For seven days more the rats were given training similar to that which 
had preceded the "Insight” tests, but with a slightly greater number of runs 
permitted each animal over path 1 in order to make sure of re-establishing 
the usual preference Toble 3 gives the number of times each rat traversed 
each path to food (The number of runs in which there was no block at 
A is indicated roughly by the patb-l record in the table ) 

With the second “insight” test the following procedure was adopted 
When the animal reached block B, path 2 was drawn out of its usual pcsi- 
tion snug with path 1 and but one route was left whereby she could return 
to the main intersection. The results obtained were unequivocal. Each 
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TABLE 3 


Path 

1 

2 

3 

Rat 

4 

5 

6 

7 

Total 

1 

9 

8 

10 

5 

11 

11 

8 

62 

2 

23 

22 

18 

27 

Z6 


27 

169 

3 

10 

12 

14 

10 

S 

5 

7 

63 


rat went to block B as In the previous lest None appeared to be disturbed 
by the restavsl of path 2 while tt the block All of them paused at the 
point where path 2 had been disconnected and all retraced to the main 
ititeratctiorv where, with one exception, they choaa fath 2. The exception 
was lat % who had previously shown no significant preference of path 2 
over 3 On ft second test in the same experimental period five of the seven 
animals chose path 3, on a third only three were ‘'successful ” 

In order to be certain that the amount of training in this experiment was 
equal to that of the ToIman'Honzik experiment an additional series of 42 
training runs and five “insight' runs was given each animal. Tbe tech¬ 
nique was unaltered except for the use of a glass block instead of the card¬ 
board one of Che earlier trials The results were essentially the same as 
those already presented and need not be recorded here in detail. One 
rat only chose path 3 consistently; three others chose it once or twice; and 
the rttnaindei showed a strong preference for path 2 
With respect to the interpretation of these results we may consider tbe 
following In the first part of this experiment, when the “insight" test was 
given, SIX of our seven subiects chose path 3 upon return to the choice point 
after blocking at B In terms of this choice alone the results obtained by 
Tolman and Honeik were similar,, and one might tonclade that “insight” 
(in the Tolman-Honzik sense) was operarive In so doing, however, a very 
significant aspect of the animals’ behavior would be neglected: namely, their 
entrance for some distance into (he third segment of path 2 after having 
been blocked at B. This behavior, as well as the pause of each animal at 
8 place a few inches along path Z, points to a simpler explanation. 

The same block was used at positions A and S, and the relationship be¬ 
tween the block at A and the first segment of path 2 was similar to that 
between the block at B and the third segment of this path During the 
training period the animals had learned to take path 2 after the blocking 
at A, in the “insight" trial (block at B) they failed io discrivntiaie between 
the two situations. This hypothesis is supported not only by their immediate 
entrance into the third segment of path 2 after B'blocking but also by their 
prolonged pause in this pathway at a point approximately the same dis¬ 
tance from path I as that of (he first turn from the mam intersection (The 
subsequently attempted complete return over path 2 after D-biocking, when 
It occurred at all, was always extremely hesitant and slow.) 
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Ample confirmation of this was given in the second phase of our experl- 
n,ent where, after blocking nt B, and in spite of previoiia training on the 
“iDsight" solution, all but one of the rats chose path 2, the third segment 
of whicli was temporarily disconnected from the final one common to paths 
1 and 2, The most obvious characteristic of this behavior is the iack of 
"Insight” shown; in spite of the fact that every essential condition specified 
by Tolman and Honzik seems to have been provided 
This does not, of course, explain the results of the Tolman-IIonzik study 
(an exact duplication of which would be extremely difficult); but it docs 
render suspect their conclusion for “insight” in any but a very limited sense 
and points once more to the pitfalls of interpretation so characteristic of this 
type of experimental research. 
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INVERSE WRITING. A CASE OF CONSISTENT MIRROR 
WRITING' 

Norma V. Sciicidemahn 

The Case, When Thomas M, a six-year-old Mexican boy, entered the 
first grade he presented a phenomenal tendency to copy, at his desk*, all 
blackboard material in inverse position, Drawings of men, houses, auto- 
TnobiUe, trees, icc crconi cones, and the like, were copied carefully but 
in inverse position For experimental purposes many outline drawings, 
some in inverse position, were made on the blackboard and Thomas was 
asked to reproduce them In each instance the child reproduced the 
drawing carefully but inversely, so that the pictures that were presented in 
an upside-down position by the experimenter were reproduced right-side-up 
by the child When drawings were presented at tlie child’s desk, that is 
in the horizontal plane, they were reproduced not in an inverse position, 

‘The child lepoited in this article was enrolled in the Transition First 
Grsdfi of the Ilainmcl Street School, Los Angeles, California, during the 
school year 1931-32. 

The writer is indebted to Mr C, G Hopkins, principal, and to Geitrude 
Mount, teacher, of the Hammcl Street School for helpful cooperation. 
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hit in the reTerse position of the so-called mirror writing This pro¬ 
cedure was followed systematically with pictures and also with meaning¬ 
less designs that could not have heea associated with faulty habits When 
asked to draw a picture without a copy before him, Thomas drew it is 
inverse position 

The same tendency was manifested when Thomas learned to write the 
digits and when he learned to wiite letters and simple words from black¬ 
board copies The accompanying Figure I illustrates Thomas's typical 



FIGURE I 


Drawings of a consistent mirror writer These pictures and numbers, 
copied from the blackboard, represent (1) car, (2) trees, (3) flowers, 

(4-) ice cream cones, and (5) lollypops 

attempts to reproduce pictures and numbers from the blackboard. Figure 
Z illustrates early attempts to write “me” from a blackboard copy, Figure 
3 is a copy of “me” written on Thomas's paper. 
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FIGURE 2 

A consistent mirror writer’s attempts to reproduce “me” from a copy 
on the blackboard. 



A consistent mirror writer’s attempts to reproduce “me’* from a copy on 
hia desk. This was written a few minutes after the writing 
shown in Figure 2> 

When counting a linear series Thomas always began nt the right and 
counted toward the left Drawing and writing usually was begun at the 
lower right-hand (occasionally lower left-hand) corner of the page and 
was continued toward the left and upward 

It is needless to say that unwarranted attention was not called to this 
peculiarity. The child’s modest demeanor and eagerness to cooperate 
with the teacher precluded any conscious attempt to attract attention, 
he was naive in his peiformance. 

History Thomas was a six-year-old blond Mexican boy of normal in¬ 
telligence He was a pleasant and cooperative child and presented no 
disciplinary problems m school No peculiarities m behavior were noticed 
Except for the tendency toward mirror writing, Thomas made satisfactory 
progress, that is, in learning to count, learning to form letters and num¬ 
bers, and to recognize a few words, his progress was norma] His vision 
according to Snellen test charts was normal 
In Thomas’s family there are two other diildren, both definitely blond, 
a brother ten years of age, and a sister eight years. The sister is in a 
slow class of her grade. The father deserted the family several years 
ago; nothing is known of him. The mother, a Mexican, is reported to be 
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psychopathic but no reliable information In regard to the basis of this as¬ 
sumption was available. She was found to be a large, strong woman, 
but utterly helpless in providing for her family, The home U little more 
than a make-shift of boxes. The family is supported entirely by bene¬ 
volent agencies Only Mexican is spoken In the home. 

Thomas is right-eyed and shows no left-handed tendencies This is note¬ 
worthy since all cases of mirror wrulng thus far reported have been en¬ 
countered with left-handed children, and only with extremely left-handed 
ones 

Diafftiosts Thomas's aberration was diagnosed as consistent mirror writ¬ 
ing. Inversing copy when repioducing from the vertical to the horizontal 
plane la mirroring the copy iust as ah 5 ecta along (he edge of a body of 
water are mirrored inversely on the surface of the water. Logically 
Thomas could be expected to Inverse when reproducirg above or below 
copy presented in the horizontal plane Tests for this were not made until 
some time after remedial work had been instituted. During these tests 
the child did not show tendencies to inverse copy in the horizontal plane 
when reproducing them above or below the copy in the horizontal plane; 
he continued to reverse the copy This may have been due to the asso¬ 
ciation of habits of reversing, not mvcrsing, material presented at the 
desk Until remedial wotk was begun, all material at Thomas's desk 
was presented alongside his paper 

Although Thomss's obertation was thought to be consistent mirror writ¬ 
ing, two distinct problems, inversmg and reversing, were involved end 
had to be considered separately when outlining remedial work. Since 
learning to write is dtStcuU m itself, it seemed desirable to isolate one 
of Thomas's faulty habits and to correct it before trying to correct the sec¬ 
ond Initial att.ick could be directed at either of the two problems with, 
perhaps, equal degree of effectiveness, but individual work with little 
disturbance to the class could be done more readily with the problem of 
reverse writing. 

On the basis of this diagnosis it was thought best to present all copy 
m the horizontal plane and to institute customary remedial work for 
correction of reverse writing Then when correct writing habits were 
established it was thought that they could be associated with copy in the 
vertical plane This suggested that all remedial work be directed toward 
establishing correct wnting habits and associating those habits with copy 
in both the horizontal and vertical planes. This was all that could be 
done since the cause or reason for the mirror writing was not known. 
Undoubtedly there was a cause far more deep seated than mete faulty 
habits and associations It Is possible that the basic cause la a neurotic 
character trail 

Thomas is not left-handed nor is he left-eyed, but he does have sinistrad 
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tendencies of hand and eye instead of the dextrnd movementB required 
in our reading and writing It was thought best, therefore, that the child 
be tatight to read by the alphabet method rather than by the word method 
since he might lenrn to recognize words by sinistrad eye-movements and 
still make satisfactory progress until the compounding of words or the 
building up of longer sentences were undertaken The simstrad move¬ 
ments would then give difficulty because the child would have formed the 
habit of attacking the ends of woids rather than the beginnings It is 
thought, generally, that leaming to bujld up words from letters tends 
to encourage dextrad reading habits 

Remedial Piocednie Systematic remedial procedure to correct Thomas’s 
anomaly was not begun until Ae beginning of the fourth week of school 
At this time all copy was presented in the horizontal plane and customary 
procedure for conectmg reverse writing was instituted The child’s prog¬ 
ress in overcoming reverse writing was more rapid than in the case of 
children whose mirror writing is associated with Icft-handedncss Through¬ 
out this part of remedial procedure, Thomas was permitted to see black¬ 
board copy and also to observe children reproducing copy on the biack- 
board, but his own reproductions were made only at his desk. By the 
end of the ninth week of school Thomas had correct writing and drawing 
habits fairly well established; only occasionally did be resort to habits 
of reversing Copy then was presented in the vertical plane. Thomas 
showed no difficulty in associating hia established motor habits with copy 
in the vertical plane. His work was watched closely, but no tendencies 
to inverse copy were observed by the close of the first semester. Occasion¬ 
ally a number, especially a was reversed, but the child would recog¬ 
nize hiB mistake and would correct it immediately After the first year 
in school Thomas manifested no more difficulty in regard to writing 
habits 

Thomas was given some instruction in word building by the alphabet 
method This method could not be used exclusively, however, since the 
class was taught by the word method So very little work in reading is 
done in the first semester of the first grade that this phase of remedlol 
procedure had to be continued in the second semester. 

Prognosis In all probabilio^ Thomas's motor habits required for writing 
and drawing are Bufficiently well eatabh^ed. Occasional lapses may be evi¬ 
denced, but may be corrected easily In later scholastic subjects Thomas 
may present the problems manifested by the extremely left-handed mirror 
writer He may show some special reading disability, he may reverse 
short words, reverse some letters withm a word, and interchange letters 
of similar form When dealing with two or more digit numbers, the child 
may show tendencies to reverse diem In fact whenever a definite se¬ 
quence IS required, Thomas may be expected to encounter difficulty. 
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In addition to the difficultica common to the mirror writer, Thomas may 
show othgi problems If a neurotic character trait should be the cause 
of Thomas’s difficulty, a non-conformity m aome social habit or custom 
may be expected Such a lack of conformity may be evidenced only in 
noa-consequentini habits such as entmg or dressing, but in some way or 
other, at some time or other, some non-conformity may give manifestation 
of an abnormal character trait.^ 

i23€ ylmsferdatn Avenue 
Nev) York Ctty 


DECEPTION TESTS WITH JUVENILE DELINQUENTS^ 

Vernb W. Lton 

The detection of deception by means of recordable physiological mani¬ 
festations had Its early inception in the work of Beoussi, Munsterberg, Burtt 
and Mnrston, all of whom reported varying degrees of success withlo 
admitted limitations 

These limitations may be attributed In part to the experimentally de¬ 
vised situationa in which the 8iib;ect8 weie requested to falsify tlicir an¬ 
swers to questions of an inconsequential nature where the ultimate out¬ 
come, whether favorable or unfavorable had no effect whatsoever on their 
safe^, honor, liberty, reputation, or integrity In the majority of instances, 
then, the situation under which the test was given was not such as to 
occasion profound emotional disturbance. 

In 1931, Larson developed the continuous relative blood pressure and 
respiration techniqiie with contiolled experimentation in actual criminal 
investigations where the results could be checked by the actual facts later 
ascertained This technique, which has been previously reported, has been 
used by us and is again briefly summarized A polygraphic apparatus is 
employed which is designed to secure a continuous recording of the cir¬ 
culatory and respiratory changes characterizing the emotional state attend¬ 
ing deception. In all cases, permission to conduct the test is secured from 
the suspect and a guarantee given him that no legal action will be taken 
on, the bosis of the teat alone A preliminary record ts taken without any 
questioning so that an average cross section of the initial state of the sub- 


®Thomaa's teachers and principal are watching closely for abnormal 
habits In the child In the course of a few years the case will be reported 
in terms of developments 


^Read at the forty-third annual meeting of the American Psychological 
Association, Ann Arbor, Michigan, September 4-7, 1935 
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ject 19 secured This is followed by a record during three Indifferent ques¬ 
tions, free from ary complex situatSona, and so framed that the truth 
of the answers can be checked at once The ciitical questions then follow 
in order, uninterrupted by any indifferent stimuli All questions are phrased 
so that they can be answered bv either “yes" or *'no,” 

We have selected at random from our dies lOO cases of suspected de¬ 
ception which had been examined by us for the Juvenile Court of Chicago 
These cases were referred with (he expectation that court disposition in 
some instances might be facilitated as a result of the test 

It must be remembered, however, that not every case in which there is 
an original denial of guilt is lefeired for examination When a boy is 
first apprehended and denies complicity in the ciime with which he is 
charged or of which he is suspected, he is subjected to routine questioning 
by the police officers who arrest him, the probation officer who prepares the 
case for court presentation, the psychiatrist who attempts to evaluate 
all of the available data, and the judge before whom the case is tried. 
In the mnjoiity of instances, innocence or guilt may be definitely est;ab' 
lished in the process of tins routine and the finding corroborated cither 
by externa) factors or subsequent confessions. It is only in those cases, 
then, where all of these agencies have completed their investigations and 
It 18 felt that pertinent facta are being withheld by the boy, that a poly- 
graphic examination is requested 

The results of our investigations may be divided into tlnee groups (ace 
table) In the first group ate the so-called “clear” records where there 


TABLE I 

Results of 100 Deception Test Records on Juvenile Delinquents 


Court charge 

Boys 

Girls 

Clear 

records 

Disturbed records 
Did not 

confess Confessed 

Sex offences 

14 

15 

7 

14 

10 

Robbery, etc. 

67 

4 

13 

33 

23 

Peiccntages 

81 

19 

20 

47 

33 

Totals 

100 



100 



Average age 15 years 
Average IQ 85 


IS no evidence of emotional reactivity associated with responses to critical 
questions These records aie considered presumptive of innocence While 
we have been able to secure verifying information in but seven of the 
20 cases that fall m this group, yet in each of the seven our presump¬ 
tions were definitely substantiated by the establishments of the facts 
In group two are placed those cases in which disturbed records were 
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secured in conjunction witli the denial of guilt, but where we weie unable 
objectively to determine the actual facts, It will be noted that 47 per 
cent of our cases fall in this group. 

In group three are placed those cases in which disturbed records pre¬ 
sumptive of deception were immediately followed by admission of guilt. 

Cn no way were these juveniles intimidated by the examiner nor were 
the results of the polygrapliic examination misrepresented to them Each 
record is carefully studied and comparisons of the tension end the emo¬ 
tional reactions ore made between the control section, the icsponscs to 
indifferent questions, and the responses to critical questions When specific 
disturbances are noted in responses to critical questions, the subject ia 
aslced to explain the possible leasons for these disturbances, In no instance 
IS he told that he has lied or that his story is incorrect Yet in 33 per 
cent of the cases examined, admissions of deception directly followed this 
procedure, 

If It may be nasuraed that in 20 pei cent of the total cases examined oui 
presumptions of innocence s\re coiiect, we then find that in 41 per cent 
of the Instances where disturbed records were secured, our impressions of 
deception arc corroborated by later confcsBlons of guilt The importance of 
tills information is apparent, Oi, if we combine clenr records and con- 
feaalons, we have a total of 13 per cent of the cases examined where the 
reports to (he court may be helpful In disposition In those eases in 
which disturbed records are secured without subsequent confessions, an 
interpretation is returned to the court with the stipulation that these evalu- 
tlons should not be used as evidence. 

Iri the finnl analysis, the question of inability to differentiate and inter-- 
pret the psychological significance of physiological reactions must find its 
solution in deception test principles. It is essential to realixe that this 
testing does not detect lies, but painful complexes which are intensified 
by focusing the suspect’s attention on questions of truth or falsehood. It 
follows that even if the suspect does not answer, there may still be dis¬ 
turbances because a reaction is obtained when q stimulus touches upon a 
painful complex just as an underlying infection responds to the painful 
probe of the surgeon On the other hand, the fear of the innocent, anger, 
nervousness, recidivism, and the pathological heart are conditions which 
may be Important factors in influencing errors of interpretation, and be¬ 
cause of this, such records should not be introduced into a court of law, 
unless the interpretations of guilt have been verified by the objective es 
tablishment of the facta. It is important also to emphasize the necessity for 
the careful selection and extensive training of personnel if reliable results 
are to be obtained in this field Much of the unfavorable criticism which 
is associated with deception tests may be attributed to (he unscientific 
principles of overenthusiastic, untrained operators who are incapable of 
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dealing with a clinical subject, probably the moat clilHcuIt of all clinical 
Jields—the evaluation of human emotions The technique ia not infallible 
and may never be accurate enough to warrant court room use, but aa a 
means of interrogating suspects and selecting them accurately, it com¬ 
pares favorably with other police or legal methods of inveatigation. It 
IS of particular value m preliminary investigations where it may help to 
eliminate innocent individuals and enable the investigators to concentrate 
more thoroughly on a suspected few The limitations of the procedure 
must be definitely recognized, but when these arc kept in mind, and the 
tests are properly conducted, no haim will be done and much good may 
accrue from the use of physiological methods of testing deception 

Instituid for Juvenile Research 
Chuago, Illtnou 
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W N Kellogg and L. A. Kellogg The Ape and ihe Child A Study of 
Etmrotivicfital lufiuence upoti Early Eehaviot New York: McGraw-Hill, 
1933 Pp XIV 4- 3« 

Inasmuch as two years and more have passed since the publication of this 
book, there would be little reason for discussing here its oiganization and 
style. Many psychologists doubtless have formed an impression of the 
nature of the book by direct inspection, and for those who have not had 
direct access, the contents have been well summarized by three previous 
reviews (by Plorence Goodenough, Psychol. Bull, 1935, S2, 172-174; by 
Charles Honzilc, Ainer. J, Psychol,, 1935, 47, 533-534, and by Maurice Krout, 
J Ab». y Soc PsyM, 1934, 247-249). 

An examination of these reviews and of seycrol other printed com- 
mente on the book convinces me, however, that there is still considerable 
need for criticism of this book from the standpoint of the merits of the 
piece of research which it represents; and it is to such a consideration 
that this review is devoted 

In general, the criticism that seems to me to be warranted is that although 
this book is a respectable contribution, its value does not come through any 
relation to the problem which It sought to illumiflate, nor indeed through 
relation to any general theoretical problem. The data stand ns n body 
of isolated facts that call for supplementation before they con achieve true 
scientific value 

Such an outcome is not what the Kelloggs intended They hoped to 
clarify considerably the problem of the relative contribution of nature 
and nurture to human development, and in the first and last chapters 
of the book the ^hidy is interpreted as having this significance Doubtless 
a number of psychologists will accept such an interpretation. A previous 
review concludes with the staiement that this book *' . should be re¬ 

quired reading in jll courses where the problem of heredity and environ¬ 
ment le discussed.” 

To decide whether the book has significance for this problem, several 
points must be considered. In the first place, this study has disclosed no 
new capacity or new type of reaction in the chimpanzee All of the ac¬ 
complishments of (his chimpanzee, ns well as many other reactions of a 
higher type, have previously been reported in other chimpanzees reared 
without the advantages of the “humanizing” influences which the Kelloggs 
feel 80 important In the second place, there is no basis for saying that 
this chimpanzee developed any behavior that could be called "distinguish- 
ingly human.” All of the actions shown were relatively simple sensori- 
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motor functiona. The fact that an animal can learn, for example, to 

wear clothes, to play with human toys, or to respond to language, la 

hardly a contribution to our scientific knowledge. The nature-nurture 
cocitroveray rages over other matters than these, for it is obvious from 
other data that, within the range of activities permitted by the anatomical 
structure of an animal, there is a wide range of adaptations possible 
Whether a child eats with chopsticks or spoon or fingers is obviously a 

cultural product; and it is no new feat for a chimpanzee or monkey to 

endure clothes Of all the habits developed by this chimpanzee, perhaps 
the one most nearly dlstinguishingly human la responding to language, 
but even this item is of little importance in view of the demonstration of 
this same capacl^ even in animals as low ns the dog, 

The sole basis, therefore, on which this study might claim to contribute 
to the nature-nurture problem lies in the question of the rate of develop¬ 
ment of the capacities of the ape. And on this question we arc com¬ 
pletely up In the air—we have no control data which would make an 
Interpretation possible The Kelloggs seem to have rested on the assump¬ 
tion that, since the adult capacities of chimpanzees are lower than those 
of humans, this infant chimpanree would normally have displayed a lower 
and slower development unless environmental influences were the major 
determinants of the abilities of an animal This assumption is, of course, 
about as shaky as any proposition could be In animals of briefer life¬ 
span, considerable learning goes on at an age that greatly undercuts any¬ 
thing seen in either chimpanzees or humans, so that certainly there is no 
simple correlation between age and the normal rate of psychological de¬ 
velopment And furthermore, even though the schedule of physiological 
development of chimpanzees approximates that of man in a good many re¬ 
spects (and the Kelloggs might well have indicated more definitely how 
much of a difference there is in this respect), there is no reason for 
believing that nervous development bears a constant relation to other 
phases of bodily development in different species. Especially since the 
relative size of the brain differs from ape to man, the burden of proof 
was nil on Kellogg to show that such a constant relation should be ex¬ 
pected The total neglect of this basic assumption is a great weakness 
in the book, and should be a challenge to the authors for further work, 

By no means do I share the belief that the only valid and worthwhile 
explanations In psychology are those phrased m physiological terras; but 
in this particular case, this study clearly seems to require for its com¬ 
pletion a comparative neurological and physiological study of chimpanzees 
and human Infants to find why the chimpanzee's tempo of psychological 
development compares so favorably at first with that of humans As a 
groundwork for such further studies this book has value, but until such 
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further work is done, this study has interest only as simple descriptive ma¬ 
terial of completely uncertain theoretical significance. 

RonSRT Lbeper 

Cornell College 
Mt, Vernon, Jov^a 
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